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PREFACE. 

THE  Tables  of  the  I'rojK  nies  of  Steam  were  calculated  twenty  yean 

ago  to  accompany  the  author'    Thermodynamics  of  the  Steam  Kngine; 
ih.it  timr  important  experimental  investigations  have  been  made 

by  Callendar,   Barnes,   Knoblauch  and  Thomas.     The    tables  have 

recomputed,  introducing  this  information  and  with  certain  «-K«»flfff 
whit  h  will  be  found  to  fa  iu-ir  use.    All  the  tablet  for  saturated 
•team  have  columns  of  entropy  due  to  vaporization;  and  the  tat 

rm  :  ru  units  has  been  made  into  a  conversion  table  by  aid  of  which  proper- 
ties can  be  found  in  either  metric  or  English  units  or  a  combination  of 

the  two  systems  may  be  used. 

development  of  the  steam-turbine  has  given  prominence  to  adia- 
to  m  put  at  ions  for  steam  and  has  emphasized  the  facts  that  the 

usual  methods  are  tedious  and  cannot  be  worked  inversely.    To  meet 
ilty  various  diagrams  have  been  devised,  all  of  which  have 

certain  inconveniences;  if  they  have  a  convenient  scale,  they  are  so  large 

as  to  be  awkward  to  carry  or  to  use;  all  have  important  problems  repre- 
sented by  curves  which  render  interpolation  troublesome. 

To  facilitate  the  solution  of  all  adiabatic  problems  (and  many  others) 

a  Temperature-  Km  ropy  Table  has  been  constructed  for  saturated  and 
superheated  steam.  For  engineering  purposes  the  answers  for  such 
problems  may  be  read  directly  from  the  table;  greater  refinement  can  be 
had  by  interpolation  when  that  is  thought  desirable.  That  part  of  the 
table  which  refers  to  saturated  steam  may  be  relied  upon  to  give  the 
nearest  unit  in  the  last  place  of  significant  figures;  the  degree  of  accuracy 

to  be  attributed  to  tin  -rural  properties  of  saturated  steam  can  be 
rnined  from  the  statements  of  experimental  data  and  derivation  of 

formula?  given  in  the  Introduction.  The  properties  of  superheated 
i  arc  given  with  as  much  accuracy  as  conditions  warrant.  This 

part  of  the  table  offers  solutions  of  problems  that  cannot  be  readily 
obtained  otherwise. 

Original  data  are  given  in  the  Introduction  so  far  as  possible,  and 
computations  and  transformations  of  equations  arc  set  down  at  length 



EFACE. 

so  that  each  one  may  decide  for  himself  what  degree  of  accuracy  he  shall 
attribute  to  the  properties  and  methods  presented. 

The  actual  work  of  recomputing  the  Tables  of  Properties  of  S 
and  of  constructing  the  Temperature  Km  ropy  Table  has  been  done  1>\ 
Mr.  Harold  A.  Everett,  S.B.,  who  has  also  read  the  proofs.    How  much 
that  means  can  be  appreciated  by  those  familiar  with  Mich  undertakings. 

C.  II.  I'. 

SEPTEMBER,  1907. 
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PROPERTIES  OF  STEAM  AND  OTHER  VAPORS. 

INTRODUCTION. 

FOR  engineering  purposes  steam  is  generated  in  a  boiler  which  is 

partially  filled  with  water,  and  arranged  to  receive  heat  from  the  fire  in 
the  furnace. 

The  ebullition  is  usually  energetic,  and  more  or  less  water  is  mingled 

with  thr  stcarn;  hut  if  there  is  a  fair  allowance  of  steam  space  over  the 
r,  and  if  proper  arrangements  are  provided  for  withdrawing  the 

steam,  it  will  he  found  when  tested  to  contain  a  small  amount  of  water, 

usually  between  half  a  per  cent  and  a  per  cent  and  a  half.  Steam  which 

contains  a  considerable  percentage  of  water  is  passed  through  a  sepa- 
rator whirh  rr moves  almost  all  of  it.  Such  steam  is  considered  to  be 

approximately  <: 
If  the  steam  is  quite  free  from  water  it  is  said  to  be  dry  and  saturated; 

'.  from  a  boiler  with  a  large  steam  space  and  which  is  making  steam 
-lowly  is  nearly  if  not  quite  dry. 
mi  which  is  withdrawn  from  the  boiler  may  be  heated  to  a  higher 

tcm|KTature  than  that  found  in  the  boiler,  and  i*  then  said  to  be  super- 

Saturated   Steam.  —  Our  knowledge  of  the  properties  of  saturated 

i  and  other  vapors  is  due  mainly  to  the  experiments  of  Regnault,* 
who  determined  the  r  of  the  temperature  and  pressure,  the  total 

heat  of  vaporization,  and  the  heat  of  the  liquid  for  many  volatile  liquids, 

hN  time,  Rowland's  determination  of  the  mechanical  equivalent 
of  heat   has   given  a  more  exact  determination  of  the  specific  heat  of 

tcmjKTatures,  and  recently  Dr.  Barnes  has  given  a 

precise  determination  of  that  pro;>erty  for  water.     Again,  certain 

noblauch,  Lindr  and  Klebe,  has  given  us  a  good  knowledge  of  the 

properties  of  im  which  can   be  extended   to  give   the 

olumcs  of  saturated  steam  over  a  considerable  range  of  tern- 
in  the  projHT  place  a  comparison  will  be  made  with  the  usual 

theoretical  computations  for  volumes. 

•   Mfmoirts  d*  r  Imstitmt  dt  Fn**ctt  etc., 



2  PROPERTIES   OF  STEAM   AND   OTHER  VAPORS. 

Pressure  of  Saturated  Steam.  —  As  a  conclusion  from  all  the  experiments 

on  the  tension  of  saturated  steam,  Regnault  *  gives  the  following  data :  - 

TEMPERATURE riBHVBI 

c. 

MM.  OF  MERCURY. 

-32 
0.32 -  16 

I     29 

o 

4.60 

25 

23.55 

50 

91.08 
75 

288.50 

100 

760.00 !3° 2030  .  o 
160 

4651.6 
190 

9426. 

220 

17390. 

—  2O 
0.91 

+  40 

54.91 
From  these  data  he  calculated,  by  the  aid  of  seven-place  logarithms, 

the  following  formulae,  which  give  the  pressure  in  millimetres  of  mercury 

for  any  temperature  in  degrees  Centigrade:  — 

A.  For  steam  from  --  32°  to  o°  C, 

p  =  a  +  ban. a  =  —  0.08038. 

log  b  =  9.6024724  —  10. 
log  a  =  0.033398. 

n  =  32°  -  /. 

B.  For  steam  from  o°  to  100°  C, 

log  p  =  a  -  ban  +  cfin. 
a   =  4.7384380. 

log  b  —  0.6116485. 

logc   -  8.1340339  -  10. 
log  a  -  9.9967249  -  10. 
log  ft  -  0.006865036. 

n    =  /. 

*  \ffmoires  de  V  Insitut  de  France,  etc.,  tome  xxl 
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C.    For  steam  from  100°  to  aao°  C, 
log  p  -  a  -  ba*  +  r0". 

log  6  -  o  .4121470. 
log  c  -  7.7448001  -  10. 
log  «  -  9.997412127  -  ia 
log  0-0.007  590697- -*  /  -    100. 

D.    For  steam  from  -  20°  to  220°  C, 

log^  -  a  -  ba*  -  . a  -  6.2640348. 
log  6  -  o.  1397743- 
log  c  -  0.6924; 
log  a  -9.994049292  -  10. 
log£  -  9.998343862  -  10. 

II  -  /  +   20. 

aid  of  the  formula!  A  and  B,  Regnault  calculated  and  recorded 

of  th'-  pressures  of  saturated  steam  for  temperatures  from  -  32° 
to  100°  C.    The  formula  D  was  calculated  from  the  data  given  above 
for  tin-  umjwratures  -  20°,  +  40°,  100°,  160°,  and  220°  C.,  and  was 

:!u-  whole  range  of  experiments.     By  this  formula, 
instead  of  formula  C,  he  calculated  the  pressures  set  down  in  his  tables 

.res  from  100°  C.  to  220°  C.     In  the  calculations  of  the 
TIN  and  in  their  application  to  computations  of  pressures  at  given 

temperatures,  there  is  an  inevitable  loss  of  accuracy  90  that  the  result*  do 
not  agree  satisfactorily  with  the  original  data. 

Equations  for  the  Pressure  of  Steam  at  Paris.  —  In  view  of  the  preceding 

appeared  desirable  to  re-calculate  the  constants  for  Equa- 
B  and  C,  with  a  degree  of  accuracy  that  should  exclude  any  doubt 

as  to  the  reliability  of  the  refills.     Accordingly,  the  logarithms  required 

taken  from  Vega's  ten-place  table,  and  then  the  remainder  of  the 
calculations  were  carried  on  with  natural  numbers,  checking  by  inde- 

pendent methods,  with  the  following  results:  — 

B.    For  steam  from  o°  to  100°  C, 
log  p  -  a  -  &a"  +  , 

«   -  4-7393622142. 
log  b  -0.6117400100, 
log.c  -  8.  1320378383  -  10. 
log  a  -  9.996725532820  -  ia 
log  ft  -  0.006864675924. 

M  -  /. 



4  PROPERTIES  OP  STEAM   AND  OTHER  VAPORS. 

C.     For  steam  from  100°  to  220°  C, 
log#  -  a  -  ba»  +  c0\ 

*  -  5-457430"34. 
log  6   -  0.4119787931. 

log  c  -  7.7417476470  -  10. 
logcr  -  9.99741106346  -  10. 
log£  -  0.007642489113. 

»  -  t  —  100. 

To  show  the  degree  of  accuracy  attained,  the  following  tables  are 

given:  — 
EQUATION  B. 

LOG  /  FROM  TABLE      LOG  /  CALCULATED 
OF  LOGARITHMS.        BY  EQUATION. 

o        4-60     0.6627578317        
25  23.55         I.37I9009II5         1.37190097 

50  91.98         1.9636934052         1.96369346 

75  288.50  2.4601458175  2.46014587 
100  760  2.8808135923  2.88081365 

EQUATION  C. 

LOG/  FROM    TABLE  LOG  p  CALCULATED 

**  OF    LOGARITHMS.  BY    EQUATION. 

ioo       760.00     2.8808135923        
130     2030.0     3-3074960379    3.307406036 
160      4651.6      3.6676023618     3.667602359 
ioo      9426       3.9743274354     3.974327428 
220        17300  4.2402995820       4.240299575 

The  results  from  Equation  C  are  quite  satisfactory;  for  the  errors  come 
in  the  ninth  place  of  decimals,  and  one  place  of  decimals  is  unavoidably 
lost  in  the  application  of  the  formula.  Equation  B  was  calculated  after 
Equation  C  and  the  numerical  work  was  not  carried  to  so  large  a  number 
of  decimal  places.  For  the  calculation  of  tables,  the  constants  are  carried 
to  seven  places  of  significant  figures  only;  this  gives  six  significant  figures 
in  the  result,  of  which  five  are  recorded  in  the  tables. 

Pressure  of  Steam  at  Latitude  45°.  —  French  System.  —  It  is  customary 
to  reduce  all  measurements  to  the  latitude  of  45°,  and  to  sea-level.  The 
standard  thermometer  should  then  have  its  boiling  and  freezing  points 
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determined  under,  or  reduced  to  such  conditions.    The  value  of  g,  the 

ration  due  to  gn  at  Paris,  latitude  48°  50'  14'  and  60  metre* 
above  sea-level,  9.809218  metres;  and  at  45°,  and  at  lea-level, 
9.806056  metres.     Consequently,  760  ram.  of  mercury  at  45°  gives  a 
pressure  equal  to  that  of  759.755  mm.  at  Paris;  and  this  corresponds 

to  a  u  mjNTuture  of  99°»99i  ' 
In  <  r.N.  the  thermometer  which  is  standard  at  45°  has  each 

degree  0.99991  of  the  length  of  the  degree  of  a  thermometer  standard  at 
Paris. 

To  reduce  Equation  B  to  45°  latitude,  we  have 

and  for  Equation  C, 

The  resulting  equations  which  were  used  in  calculating  Table  III  are 

B.     For  steam  from  o°  to  100°  C.  at  45°  latitude, 

*i  -  4.739502. 
log  6    -  0.6117400. 

log  c   -  8.13204  -  10. 

log  or,  -  9.996725828  -  10. 

log  ?,  -  0.0068641. 
it        /. 

C.     For  steam  from  100°  to  220°  C.  at  45°  latitude, 

log  p    -  at  -  ft.a,-  +  c.ft-. 
«,  -  5-457570. 

log  6t   -  0.4120021. 

logf,  -  7-74i68  -  10. 

log  a,  -  9.997411296  -  la 
,  -  0.0076418. 

fl   —  /  —   IOO. 



6  PROPERTIES  OF   STEAM   AND   OTIIKR    VAPORS. 

Pressure  of  Steam  at  Latitude  45°.  —  English  System.  —  To  reduce  the 
equations  for  the  pressure  of  steam,  so  that  they  \\  ill  givi  the  pressm 
pounds  on  the  square  inch  for  degrees  Fahrenheit,  tin  re  are  required  the 
Comparison  of  measures  of  length,  and  of  weight,  the  comparison  of  the 
scales  of  the  thermometers,  and  the  specific  gravity  of  mercury. 

Professor  Rogers  *  gives  for  the  length  of  the  metre,  39.3702  inches. 
Professor  Miller  f  gives  for  the  weight  of  one  kilogram,  2.20462125 

pounds. 
Regnault  gives,  for  the  weight  of  one  litre  of  mercury,  13.5959  kilograms. 
The  degree  Fahrenheit  is  §  of  the  length  of  the  degree  Centigrade. 

Let  k  -  '3-5959  X  2.204621  . 

39.3702*
 

then  the  equations  B  and  C  have  for  the  reduction  to  degrees  Fahren- 
heit, and  pounds  on  the  square  inch, 

log  p  =  flj  +  log  k  -  ba\*  +  cpln, 
log  p  =  a,  +  log  k  -  6,0,1"  +  c,  0,K 

The  resulting  equations,  which  were  used  in  calculating  Table  I,  arc  :  - 

B.  For  steam  from  32°  to  212°  F.,  in  pounds  on  the  square  inch, 

log  p   =  a2  —  6a2n  -f  cptn. 
a,  =  3.025008. 

log  b    =  0.6117400. 

logc     =  8.13204  —  10. 

log  a,  =  9.998181015  —  10. 
log  /?2  =  0.0038134. 

n    =  /  -  32. 

C.  For  steam  from  212°  to  428°  F.,  in  pounds  on  the  square  inch, 

log  p    =  a,-  V*n  +  'An- 
«2   =  3-743970- 

log  6,   =  0.4120021. 

l°gci  =  7.74168  —  10. 
k>g«2  =  9.998561831  -  10. 
log  Pi  =  0.0042454. 

n  =  /  —  212. 

*  Proceedings  of  the  Am.  A  cad.  of  Arts  and  Sciences,  1882-83,  also  Additional  Observa- 
tions, etc. 

t  Phil.  Transactions,  cxlvi.,  1856. 



INTRODUCTION. 

All  of  the  foregoing  equations  make  the  pressure  a  function  of  the  tem- 

perature on  the  scale  of  the  air-thermometer.  It  will  be  imimH  that  the 
difference  between  that  scale  and  the  absolute  scale  may  be  neglected. 

Pressure  of  Other  Vapors.  —  Regnault  determined  aUo  the  pressure 
of  a  large  number  of  saturated  vapors  at  various  temperatures,  and 
deduced  equations  for  each.  The  equations  and  the  constants  as  deter- 

1  by  him  fur  the  commoner  vapors  are  ̂ i\  m  in  the  following  table: 

Alcohol   

Chloroform    . 
Carbon  bisulphide  . 
Carbon  tct  rachloride 

i  -.-  ;• 

a  -fc^+ 

a  +  ba*  - 
a  -6a"  - 
a-6a" 
a  -fca»  - 

cjT 

c0» 

$"
 

OMBM 

\ 
o 
I  '.-.:!-! i 
p 

.-  . 
.  ..  . o 
o 
I    ••,74S'«» 

Ufa 

UO 

+ Umlte. 

Alcohol   . 

('hlop,f..nn 

T.  00708657 

I    '»«i77i,  's 

T.MOM8S 
1  BOOST? 
1  0888170 

1    -I'll  !•»••-,• 

+  '20 
+  20 

-  20 
4-  20 -  20*.  +  IW»C. 

:•• 

i  0848V80 +  20 -  20»,  +  I88»C. 

Zeuru-r  *  >t;ites  that  there  is  a  slight  error  in  Regnault's  calculation 
of  the  constants  for  aceton,  and  gives  instead 

log    p  -"/i  -  60*  4.  f  v ; o  -5308M19; 

log 6a*  -  +O.A312766  -0.00261481; 
log  <£*  -  -  0  .9645222  -  0  0215592 1. 

Dififerential    Coefficient    '  -  .  —  As  will  be  seen  later,  the  differential at 

coefficient  -   -  is  used  in  calculating  the  volume  and  density  of  saturated 
at 

vapors. 
From  the  general  equation  of  the  form, 

log  p  -  a  +  6a«  +  eft", 
differentiation  gives 

Js-S5*1°ga-""  +  ̂rl0g'9 in  which  M  is  the  modulus  of  the  common  system  of  logarith 
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The  equation  may  be  writt 

The  calculation  of  the  values  of  the  constants  gives  the  following  results 

for  latitude  45°  :  - 
French  unit-. 

B.  For  o°  to  100°  C.,  mm.  of  mercury, 
log  A  —  8.8512729  —  10. 
log  B  -  6.69305  -  10. 

log  a,  -  9.996725828  -  10. 
log  ft       0.0068641. 

C.  For  100°  to  220°  C.,  mm.  of  mercury, 
log  4  -  8.5495158  -  10. 
log  B  =  6.34931  -  10. 
log  a,  =  9.997411296  —  10. 
log  ft  =  0.0076418. 

English  units. 

B.  For  32°  to  212°  F.,  pounds  on  the  square  inch, 
log  A    =  8.5060005  —  10. 
logB   =  6.43778  -  10. 
log  or2  =  9.998181015  —  10. 
log  ft  =  0.0038134. 

C.  For  212°  to  428°  F.,  pounds  on  the  square  inch, 
log  ,4    =  8.2942434  -  10. 
log  B  =  6.09403  —  10. 

Ioga2  =  9.998561831  -  10. 
log  ft  =  0.0042454. 

The  following  table  gives  values  for  several  other  vapors: 

SlOJf. 

Log  (Am*) 
Log  (Bfi*) 

Am.* /*• 
Alcohol + 

+ 
+ 
+ 

•f 
•f 

1 
 

+
+
+
+
+
 

-      1  72004  1  -0  .00201  i:t/ 
-     3396624  -  0  .0031  223  1 

U10130-0.  0025866  1 
-    .4339778-0  .0022372  1 
-    .861  1078-0.  0002880  ( 
-     3268535-0.  0026148  ( 

,  temperature  C. 

-2  .9992701  -0  .0590'.!  :,  t \   L6168M+0  .0146775  1 
-2  .0667124-0  .0131824  t 
-2  .0511078-0  .0088003  1 
-1.381  21  9.5-0  .00.50220  1 
-  1  .9064582-0  .0215592  1 

r 

Chloroform  .... 
Carbon  bisulphide  . 
Carbon  tetrachloride 
Aceton    



g 

Standard  Temperature,  —  hi*  customary  to  refer  all  calculations  lor 

gases  to  the  standard  t «  •  u-  pressure  of  the  atmosphere  (760  mm. 
of  mercury)  ami  to  the  free/ing  j»oini  of  water.     I  «tag. 

!ii|HTalure  f«>r  uaur  and  Steam  a» 

1  is  tin  initial  jK>int  for  tables  of  the  pro|*-riic*  of  saturated  vapors. 

But  the  investor  be  nu-»  h  (imalent  of  hrat  by  Rowland 

resulted  in  a  determination  of  '  rat  of  water  with  much  greater 

MM  is  possi!  mil's  method  of  mixtures,  and  showed 
that  tin-  in-i  .'-m:  Mot  well  adapted  for  thr  standard  lcm|jeraturc 

It  has  In-en  thr  habit  of  many  ph\>it  Uu  for  many  years  to 

i5°C.  as  the  standard  temjierature,  and  this  corresponds  substan- 

tially with  62°  F.,  at  which  the  Knglish  units  of  measure  are  standard. 
Mechanical  Equivalent  of  Heat.  -         ••  most  authority  •  nnina 

•f  the  nu-i  hanii  al  r<jui\aK-nt  of  heat  appears  to  be  that  by  Rowland,* 

from  which  tin  \\ork  n  .juir«<l  to  raise  the  tem|K-rature  of  one  pound  of 

water  from  62°  to  63°  F. 

778  foot-|M>unds. i>  equivalent  to 

427  UK  ;r<   kilograms 

in  the  m<  ii>  important 

•ant  has  been    ii.  tl  »  \jH-rinn-nti -r>,  and 
also  a  rccomputation  of  his  results  has  l>een  mad*  rccompartsoii 

of  iii-  thermonn  u  r-.      1  !  ion  appears  to  be  that  his  results  may 
be  a  little  small,  but  the  differences  arc  not  important,  and  it  is  not  certain 

(inclusion  is  valid.     There  >eem>.  tin  i  <>  sufficient  reason 

uinginK  the  accepted  \al  t  above. 

Specific  Heat  of   Water.       The   most    reliable   determination  of  the 

is  that  by  Dr.  Barnes, t  who  used  an  clet 
methcxl  devised   i  (\dlendarand  him-elf,  and  who  extended 

the  method  to  and  In-low  ti  ..»jnt  l>>  carefully  c(x>lin>;  water  without 

•rmation  of  i« «   to  —  5°  C.     This  methcxl  lative  results  with 

great  refinement,  and  gives  also  a  good  confirmation  of  Rowland's  d 
niination   of  the   mechanical  equivalent   of  heat.     Dr.    Barnes  reports 

values  of  the  specific  heat  of  water  up  to  95°  C.     In  the  following  table 

l  are  quoted  from  o°  to  55°  C.;  from  55°  to  95°  his  results  have 

v.  Am.  Ac*l.t  voL  x  vU), 

t  Pkysieal  flrwru-.voL  xv,  p.  71,  1901 
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-lightly  increased  to  join  with  results  determined  by  recomputing 
;>crimcnts  on  the  heat  of  the  liquid  for  water  (which  experi- 

ments range  from  no°C.  to  i8o°C.)  by  allowing  for  the  true  specific 
heat  at  low  temperature  from  Dr.  Barnes's  experiments.  The  maximum 

of  modifying  Dr.  Barnes's  results  is  to  increase  the  heat  of  the 
liquid  at  95°  by  one-tenth  of  one  per  cent. 

Tempera!  ure. Temperature. wr OlM**  111* 
U,-at. 

<-. 
K. 

c. 

F. 

0. 

K. 

0 1.0094 

1.-, 

113 099760 90 
194 

.00, 

6 
11 

1.00530 50 (I    <»'»XO<) 06 

(K)855 

10 BO 1.00230 183 
LOQ 

212 01010 

i:. 60 1    iHM)30 60 
Ml) 

n  «.)«»«•  lu 120 248 
01620 

20 as 0.99895 
65 

1  !'.» 

i  00040 

Mo 

JM 

o. 

77 0.99806 
70 

158 i   00180 160 
820 

02 

86 (i  W7.V.I 75 L67 
1.00275 180 

886 
03478 

35 95 

so 

176 1.00415 
200 

802 
04100 

40 
104 040736 

85 

iss 
l.Oo 

220 

Us 

04760 

Heat  of  the  Liquid.  —  The  heat  required  to  raise  one  unit  of  weight  of 
any  liquid  from  freezing-point  to  a  given  temperature  is  called  the  heat 
of  the  liquid  at  that  temperature;  and  also  at  the  corresponding  pressure. 
Since  the  specific  heat  for  water  varies  we  may  obtain  the  heat  of  the 
liquid  by  integration  as  indicated  by  the  equation 

9  = 

nil. 

In  order  to  use  this  equation  it  would  be  necessary  to  obtain  an  empirical 
equation  connecting  the  specific  heat  with  the  temperature;  such  an 
equation  has  not  been  proposed  and  would  probably  be  complex.  Another 
method  is  to  draw  a  curve  with  temperatures  as  abscissae  and  specific 
heats  as  ordinates  and  integrate  graphically.  The  fact  that  the  specific 
heat  is  nearly  equal  to  unity  at  all  temperatures  and  that  consequently 
the  heat  of  the  liquid  for  the  Centigrade  thermometer  is  not  very  dit: 
from  the  temperature  suggests  the  following  method  : 

Let c  =  i  -I-  k 

where  k  is  the  difference  between  the  specific  heat  and  unity  at  any  tem- 
perature, k  being  positive  or  negative  as  the  case  may  be. 
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Then  q  -  /  +    I    kdt 

v,  hi.  h  may  be  obtained  by  plotting  values  of  k  as  ordinates  and  ime- 
rig  grapi  hiiii  will  have  the  advantage  that  the  required 
may  be  drawn  to  a  large  scale  and  give  correspondingly  accurate 

results.    The  values   for  (he  ln-.it  of   the  liquid  for  water  in  the  tables 
obtained  in  this  way. 

ng  table  gives  equations  for  the  heats  of  the  liquid  for 
various  substances  as  di  I  by   kegnault : 

l!>  \i   o 

Alt-  .     .  q  -  0.54754*  +O.OOH218/*  4-  O.OOO002200/* 
Kth  .     .  q  -  0.5290I/  +  O.0002959/ 

•  roform   .     .     .     .  q  -  0.23235*  -f  o.oooosoy/1 
Carbon  bisulphide     .  q  -  0.23523*  -f  0.000081 5^ 
Carbon  tetrachloride  q  -  0.19798*  +  0.0000906^ 
Aceton  .  q  -  0.50643*  +  0.0003965^ 

Total  Heat.  -   ThU  trrni  is  defined  as  the  heat  required  to  raise  a  unit 
ight  of  water  from  freezing-|>oint  to  a  given  temj>erature,  and  to 

entin  at  that  temperature.     The  experiments  made  by 
Regnault  am  was  led  from  a  boiler 

into  the  lalorinn-ter  and  there  fondensed.  Knowing  the  initial  and  final 
weights  of  the  calorimeter,  the  temperature  of  the  steam,  and  the  initial 

and  final  temjKTatures  of  the  water  in  the  calorimeter,  he  was  able,  after 

applying  the  necessary  corrections,  to  calculate  the  total  heats  for  the 

As  a  conclusion  of  the  work,  he  givc^  the  following  values  for  the  total 

10°  610  By  equation,  609.6 

63°  625  62; 
100°  637 

1950 Assuming  an  equation  of  the  form 

//       ,1  -f-  Bl, 

Regnault  calculated  the  constants  from  the  values  given  for  100°  and  195°, 
and  gives  the  equal 

//  -  606.5  +  O.305/. 
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For  the  Fahrenheit  scale  the  equation  becomes 

//  -  1091.7  -I-  0.305  (/  -  32). 

An  investigation  of  the  original  experimental  result>,  allowing  for  the 

tnie  specific  heat  of  the  water  in  the  calorimeter.  >howed  that  the  probable 
errors  of  the  method  of  determining  the  total  heat  were  larger  than  the 

lions  of  the  true  specific  heats  from  unity,  the  value-  assumed  by 
Regnault;  and,  further,  it  appeared  that  his  equation  n  our  IK  st 

knowledge  of  the  total  heat  of  steam.  There  appears  to  be  no  reason  for 

changing  this  equation  till  new  experimental  values  shall  be  supplied. 
The  deviation  of  individual  experimental  results  from  corresponding 

computations  by  the  equation  is  likely  to  be  one  in  five  hundred.  There- 
is  further  some  uncertainty  whether  the  method  of  drawing  steam  from 
the  boiler  did  not  involve  some  error  due  to  entrained  moisture.  The 

best  check  upon  Regnault's  results  is  a  comparison  with  Knoblauch's 
work  on  superheated  steam. 

The  total  heats  for  various  fluids  are  given  by  the  following  equations: 

Ether    H  =  94        -f  o.45/  —  O.OOO55556/2 

Chloroform     ....  H  =  67        +'o.i375/ 
Carbon  bisulphide   .     .  H  ==  90        4-  o.i46oi/  —  0.0004123^ 

Carbon  tetrachloride     .  H  ==  52        +  0.14625*  -  0.000172? 

Aceton           H  =  140.5  4-  O.36644/  —  0.000516^ 

Specific  Volume  of  Liquids.  —  The  coefficient  of  expansion  of  most 
liquids  is  large  as  compared  with  that  of  solids,  but  it  is  small  as  compared 

with  that  of  gases  or  vapors.  Again,  the  specific  volume  of  a  vapor  is 

large  compared  with  that  of  the  liquid  from  which  it  is  formed.  Con- 
sequently the  error  of  neglecting  the  increase  of  volume  of  a  liquid  with 

the  rise  of  temperature  is  small  in  equations  relating  to  the  thermo- 
dynamics of  a  saturated  vapor,  or  of  a  mixture  of  a  liquid  and  its 

vapor  when  a  considerable  part  by  weight  of  the  mixture  is  vapor.  It  is, 

therefore,  customary  to  consider  the  specific  volume  of  a  liquid  to  be 
constant. 

Table  XII,  giving  the  specific  volumes  of  various  liquids,  was  taken 

from  the  Phys.-Chem.  Tabellen  of  Landolt  and  Bornstein. 

Volume  of  Water.  —  Table  XIII  gives  the  volumes  of  water  compared 

with  its  volume  at  4°.  From  o°  to  100°  C.,  the  values  are  those  given  by 
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Rottetti.    Above  100°,  the  values  are  those  calculated  by  the  equations 
Him.* 

Volumes  of  Liquids.    -  The  volumes  of  liquids  at  high  temperature*, 
in-»i   with  the  volume  at  freezing- |>oini,  are  represented  by  the 

equations  gi  Him:  — 

6  AMI  445 -10 

4410-10 

Alcohol  .Hi5  (\  to  HKi*  C   (vol.  nt  ( 
r-lf  0000738022661  64686001      1" 

+  0.00001066235r'  ;  02SS402     ; 
-0  .00000000248084  21*  2  0660517     1" 
+0.000000000404135«7f«      06066278-10 

Ether  30° C.  to  130° C.  (vul.mtQPC.- 
•0817-10 

+0.00000666371* 
-0  Xn0000034400766l* 
+040000000083772082P      0  62H5571 

Carbon  bimilphide  30°  to  160°  C.  (vol.  at 
r-lfO  00116806601  7  0674636-10 

0  0001220-10 
8.7840404-X 

Carbon  totraehloride  30°  to  160*  C.  (vol. 
r-1+0  00106718831  741283100-10 

+0  000003565l378f 
-0 .00000001404028K0 
+0.000000000086182318f«    9  W034W     JIJ 

Heat  of  Vaporization.  —  If  the  heat  of  the  liquid  be  subtracted  from 
the  total  heat,  the  remainder  i>  railed  the  heat  of  vaporization,  and  is 

represented  by  r,  so  that 
r        II  -  g. 

Internal  and  External  Latent  Heat.    -  The  heat  of  vaporization  over- 

.1  pressure,  and  change-  >m  liquid  to  vapor  at 
mt    temjKTature  and   pressure.     Let   the  specific   volume  of  the 

saturated  vapor  be  5,  and  that  of  the  liquid  IK-  <r,  then  the  change  of 

volume  is  5  -  o-  -  ii,  on  passing  from  the  liquid  to  the  vaporous  state. 
k  is 

p  (s  -  IT)  -  fa, 
and  the  corresponding  amount  of  heat,  or  the  external  latent  heat,  is 

Ap  (s  -  <r)  -  Apu, 
A  being  the  reciprocal  of  the  nuu  hanical  equivalent  of  heat. 

•  Ammdu  <fe  Chim*  el  *  Pkynjm.,  1867. 
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The  heat  required  to  do  the  disgregation  work,  or  the  internal  latent 
heat,  is 

p  -  r  -  Apu. 

Specific  Volume  and  Density  of  Steam.  —  On  account  of  the  great 
difficulty  of  direct  determination  of  the  weight  of  saturated  steam,  it  is 

customary  to  calculate  the  specific  volume  of  steam  by  aid  of  the  following 

equation,  derived  by  the  application  of  the  principles  of  thermodynamics 

to  the  general  equation  representing  the  properties  of  saturated  vapor:  - 

dt 

in  which  A  is  the  reciprocal  of  the  mechanical  equivalent  of  heat,  T  is  the 

temperature  from  the  absolute  zero,  and  <r  is  the  volume  of  one  unit  of 

weight  of  the  liquid  from  which  the  vapor  is  formed.  The  ditTerentiai 

coefficient  -±-  can  be  calculated  by  aid  of  the  equations  on  page  8. 

The  absolute  temperature  is  obtained  by  adding  273  to  the  temperature 

in  degrees  Centigrade,  or  459.  5  to  the  temperature  in  degrees  Fahrenheit. 

The  volumes  and  densities  of  saturated  steam  given  in  Tables  I  and 

III  were  calculated  by  this  method. 

It  is  of  interest  to  consider  the  degree  of  accuracy  that  may  be  expected 

from  this  method  of  calculating  the  density  of  saturated  vapor.  The 

value  of  r  depends  on  H  and  q,  the  total  heat  and  the  heat  of  the  liquid; 

the  latter  is  now  well  known,  but  the  total  heat  is  probably  in  doubt  to 

the  extent  of  5J<j  and  may  be  more.  The  absolute  temperature  /  appears 

to  be  better  known  and  may  be  subject  to  an  error  of  no  more  than  yuW  or 

;  and  the  mechanical  equivalent  —  of  heat  is  perhaps  as  well  determined A 

as  the  absolute  temperature.    The  least  satisfactory  factor  in  th 

sion  is  the  differential  coefficient  -j-,  which  is  derived  by  differentiating  one dt 

of  the  empirical  equations  on  pages  5  and  6.  It  is  true  that  the  resulting 

equations  on  page  8  afford  a  ready  means  of  computing  values  of  the 

coefficient  with  great  apparent  accuracy,  but  some  idea  of  the  essential 

vagueness  of  the  method  may  be  obtained  by  comparing  computations 

of  the  specific  volume  of  saturated  steam  at  212°  C.,  a  point  for  which 



i-ith.-r  equation  Bt  or  equation  Cl  will  give  the  pressure  as  14.6967 
}>ounds  JKT  >quare  inch.     Tin-  >j*-i  UK  \ulum<-  by  aid  of  equation  on  page 

inn  equation  B,  for  determining  the  differential  coefficient,  is  j 
thr  differential  <  oriVu  imt  from  equation  Cl  give*  26.71;  the  dis- 

crepancy is  about  iAo;  or  if  the  .'*.  U-  taken  as  the  probable 
:»uted  value  is  subjei  t  to  an  error  of  «Ao. 

Quality  or  Dryness  Factor.       All  t  of  saturated  steam, 

such  as  pressure,  volume.  and  ::.  .1-  ..•  ition,  dejx-nd  on  lh« 
.  and  are  <i«  »le  either  by  «li:  rinu-nt  or  by 

nation,   and   an-   tommonly    taken    from   tables  calculated   for  the 

purpose. 
M.IM.  of  :•  .    ;.r.>Mrms  mrt  in  rn^infi-rin^  <li-al  with  mixtures  of  1: 

ami  va|K>r,  >uch  as  water  and  steam.     In  siu  h  prohlrmt  it  is  convenient 

•rornt  the  pro)M>rtions  of  water  and  >team  by  a  variable  known  as 

the  drynesv  :  ii>    factor,  x.  i>  defined  as  that  portion 

of  each  pound  of   the    mixture  which  is  steam;  the  remnant,  i  - 

<-<|iiently  wa1 
Specific  Volume  of  Wet  Steam.  If  a  pound  of  a  homogeneous  mixture 

of  water  and  steam  is  x  part  steam,  then  the  specific  volume  may  be 
represented  by 

V  -  XS  +    (I    -   X)  <T  -   .VII    +  9 

where  u  i>  the  increase  of  volume  due  to  va|K>ri/.ation. 

Intrinsic  Energy.  —  It  has  been  shown  that  the  heat  of  vaporization 
can  be  broken  into  the  two  parts  A  pu  and  p,  the  first  being  required 
to  do  external  work  and  the  second  internal  work;  the  latter  part  together 
with  the  heat  of   the  liquid  form   the   heat   equivalent  of  the  intrinsic 

rgj  -o  that 

or  if  only  x  part  is  vaporized 

- 

Entropy.  -   In  the  discussion  of  steam  engines  or  other  heat  engines, 
-enient  to  begin  by  considering  the  way  in  which  steam  (or 

other  working  substance)  would  behave  if  the  cylinder  were  made  of  non- 
conducting material.     Afterwards  the  effect  of  the  actual  material  can 
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be  investigated.  The  expansion  line  which  an  indicator  would  draw 
under  such  conditions  is  called  an  adiabatic  line.  Calculations  for 

adiabatic  changes  of  >u-um  can  be  made  by  aid  of  a  special  function 
ised  for  the  purpose  and  called  entropy.  A  discussion  of  adiabatic 

ons  and  of  entropy  can  be  found  in  any  text-book  on  Thermo- 
dynamics; for  example,  on  pages  17  and  }i  of  the  riicnnodynamks  of 

the  Steam  Engine  by  the  author.  It  is  sufficient  for  our  present  purjxjse 
to  consider  that  entropy  can  he  e.\prc>>cd  numerically  and  that  the 
numerical  valiu^  enter  into  the  calculation  of  certain  engineering 

problems. 
It  is  customary  to  represent  entropy  in  general  by  <f>,  but  entropy   may 

be  represented  by  0  in  dealing  with  a  liquid  like  water. 
The  second  law  of  thermodynamics  enables  us  to  deduce  the  equation 

in  which  dQ  is  an  infinitesimal  amount  of  heat  added  at  the  absolute 
temperature  T.  This  equation  is  the  basis  of  the  calculation  of 
entropy. 

Entropy  of  Vaporization.  —  If  a  pound  of  steam  at  the  temperature  / 
(or  absolute  temperature  T)  is  partially  vaporized,  the  heat  expended 
for  that  purpose  is  xr;  the  temperature  being  constant  the  above  equation 
may  be  directly  integrated  giving 

xr  r 

In  Tables  I,  II,  and  III  values  of  ̂   are  given  for  each  degree  or  each 

pound  as  the  case  may  be. 

Entropy  of  the  Liquid.  —  The  increase  of  entropy  due  to  heating  water 
from  freezing-point  to  any  temperature  /  may  be  represented  by  the 
equation 

rdJL  =  w 
J  T       J    T 

Inspection  of  the  table  on  page  10  shows  that  the  specific  heat  of  water 
is  but  little  larger  than  unity;  it  is  convenient  to  represent  it  by  the 
expression 

c  -  i  +  k; 
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ssion  introduced  in  the  preceding  equation  gives 

I  fkdl  T         C1  .   dt 
°-JT+J-T  -T.  f 

in  which  /t  and  7.  are  the  u-mjKTature  by  the  thermometer  of  freezing, 
ami  the  corresponding  absolute  timjKraum-.  The  first  part  of  the 
above  expression  for  the  entropy  of  the-  liquid  can  be  computed  readily, 
and  the  M-toml  part  (wlmh  is  small)  can  be  determined  graphically 

with  great  i  I  :  'hod  was  used  for  the  tables  of  the 
«  of  saturated  steam. 

To  obtain  the  entmp\  of  any  liquid  named  on  page  u,  we  may 

ditTerentiatc   tin-   prnju-r  equation  to  obtain  dq  and   then   integrate  as 
.tied  by  the  equation 

-f'f. 
J    I 

The  values  given  in  Tables  IV  to  1  <letcrmined  in  this  way, 
and  those  for  the  two  following  tables  were  computed  in  the  same 
mannrr. 

Entropy  of  a  Mixture  of  a  Liquid  and  its  Vapor.  —  The  increase  in 
entropy  due  to  heating  a  unit  of  weight  of  a  liquid  from  freezing-point 
to  the  temperature  /  ami  then  vaporizing  x  portion  of  ; 

where  0  is  the  entropy  of  the  liquid,  r  is  the  heat  of  vaporization,  and  T 

is  the  absolute  temperature.     For  steam  -—  •  maybe  taken  from  the  tables; 

for  other  vapors  it  must  usually  be  calculated. 
For  any  other  state  determined  by  *,  and  /,  we  shall  have,  for  the 

iru  rease  of  entropy  above  that  of  the  liquid  at  freezing-point, 

The  change  of  entropy  in  passing  from  one  state  to  anoth 
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When  the  condition  of  the  mixture  of  a  liquid  and  its  vapor  is  gi 
by  the  pressure  and  value  of  .v,  then  a  table  giving  the  properties  at  each 
pound  may  be  conveniently  used  for  this  work. 

Adiabatic  Equation  for  a  Liquid  and  its  Vapor.  —  During  an  adiabatic 
change  the  entropy  is  constant,  so  that  the  preceding  equation  g 

When  the  initial  state,  determined  l>y  .v,  and  /,  or  />,,  is  known  and  the 
final  temperature  /,,  or  the  final  pressure  />,,  the  final  value  #,  may  be 
found  by  this  equation.     The  initial  and  final  volumes  mav  be  calcu- 

1  by  the  equations 

Tables  of  the  properties  of  saturated  vapor  commonly  give  the  specific 
volume  5  but 

s  =  u  +  <r. 

The  value  of  <r  for  water  is  0.016,  and  for  other  liquids  will  be  found  in 
Table  XI  I. 

For  example,  one  pound  of  dry  steam  at  100  pounds  absolute  lias  the 
following  properties  found  in  Table  1  1  : 

/,  =327°.6  K.         £-  =  1.1228  Ol  =  0.4743  5,  =  4.409  xl  =  i 

1  i 

If  the  final  pressure  is  15  pounds  absolute,  we  have 

/2  =  2i3°.o  F.         -?•  =  1.4358   02  =  0.3141  s2  =  26.21 

•  2 

whence 

1.5971  =  1.4358  x  -f  0.3141 
^  =    ̂ 935 

The  initial  and  final  volumes  are 

vl  =  5,  =  4.409 

vt  -  Xjit  +  <r  -  23.40 

Such  a  problem  cannot  be  solved  inversely,  that  is  we  cannot  assume 

a  final  volume  and  determine  directly  the  temperature  and  pressure  cor- 
responding. The  Temperature-Entropy  Table  to  be  explained  later 
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will,  howevi T,  give  an  approximate  solution  directly,  and  an  exact  solution 

BterpoiatioiL 
External  Work  during  Adiabatic  Expansion.  —  Sin*  r  no  beat  is  trans- 

mitted  during  an  adiabatic  expansion,  all  of  the  intrinsic  energy  lost  is 
/ed  into  external  work,  so  that 

W  £,-          7|  -  0,  +  x|P|  -    xvv 

For  fxamplf,  the  external  work  of  one  pound  of  dry  steam  in  expanding 

illy  from  100  pounds  to  15  pounds  absolute  is 

W  -  778  (298.1  --  181.3  +  *  X  802.4  -  0.8935  X  89.30) 

W  -  121.3  X  778  -  <M,.$7°  foot-pounds. 

•:i  should  be  called  to  the  unavoidable  defect  of  this  method  of 

tali  ulation  of  external  work  «luring  adiabatic  expansion,  in  that  it  depends 

on  taking  the  difference  of  quantities  which  are  of  the  same  order  of 

magnitude.  For  example,  the  above  calculation  appears  to  give  four 

places  of  significant  figures,  while,  as  a  matter  of  fact,  the  total  heat  // 

from  whit  h  p  is  derived  i*  affected  by  a  probable  error  of      -  or  perhaps 

more.     Both  the  quantities 

q,  +  Xlp,  and  q,  + 

a  numerical  value  somewhere  near  1000,   and  an  error  of-   -  is 

500 

nearly  equivalent  to  two  thermal  units,  so  that  the  probable  error  of  the 

above  calculation  i>  nearly  t\\<>  per  i  ent.     For  a  wider  range  of  tempera- 
be  error  i>  less,  and  for  a  narrower  range  it  is  of  course  larger.     This 

r  .should  be  borne  in  mind  in  considering  the  use  of  approximate 

methods  of  calculation,  for  example,  by  aid  of  a  diagram  like  the  tem- 
perature entropy  diagram. 

Heat  Contents.  —  The  heat  required  to  raise  one  pound  of  water  from 

iig-point  to  a  given  temjwrature  /  corresponding  to  a  pressure  p, 
and  to  vaporize  a  part  x  at  that  pressure  is  represented  by 

^  f  I 

iiiantiiy  may  be  called  the  heat  conu 
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Rankine's  Cycle.  —  An  important  investigation  for  the  steam-engine 
may  be  made  by  aid  of  the  accompanying  figure*  which  represents  the 

indicator  diagram  from  a  rtMUB  engine-  without  clear- 
ance and  with  a  nonconducting  cylinder.  Strain  i> 

admitted  at  an  absolute  pressure  pl  fiom  a  to  b\  adia- 
batic  expansion  follows  from  b  to  <  ;  finally  tin  steam 

K,  ..  i  "is   exhausted   from  c  to  d   at   the  pressure-    /).,.     The 
external  work  during  admission  for  one  pound  of    steam   having   the 

quality  xt  is 

Pivi  -  Pi  (*i*i  +  *); 

the  external  work  during  expansion  i> 

EI  "  E*  =  ~A  (q*  ~q**  *lPl  ~  X^'f 
and  the  external  work  during  exhaust  is 

Pf>*  =  P*  (*2*>  +  *) 
which  must  be  subtracted  since  it  is  done  by  the  piston  on  the  steam. 
The  effective  work  of  the  cycle  is 

or  substituting  the  proper  values 

W  -       (q,  +  x^  +  Ap,xlUl  -q,  -  xj>2  -  ApwJ  -f 

the  last  term  is  small  and  may  be  dropped. 
Remembering  that 

r  =  p  +  Apu, 
we  have 

w  = 
The  values  of  r  and  q  may  be  taken  from  Tables  I,  II,  or  III,  and  the 

value  of  x7  can  be  determined  by  aid  of  the  equation 

By  the  first  law  of  thermodynamics  the  difference  between  the  heat 
supplied  to  an  engine  and  the  heat  rejected,  is  equivalent  to  the  work 
done,  provided  there  are  no  losses;  therefore, 
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ii  most  important  conclusion  can  be  stated  as  follows:  the  heat 

changed  into  work  by  a  steam-engine  working  on  Rankine's  c>« 
equal  to  the  d  in  the  heat  lonu-ntt  of  the  steam  supplied  to  and 
exhausted  by  the  en/ 

This  same  expression  is  found  in  the  discussion  of  steam  turbines, 
Problems  of    this  nature  can  be  solved  immediately  by  aid  of  the 

•.i-raturr  Kntropy  T.i 

Superheated  Steam.  —  A  dry  and  saturated  vapor,  not  in  contact  with 
,; uid  from  wlm  h  it  is  formed,  may  be  heated  to  a  temperature  greater 

than  that  corresponding  to  the  given  pressure  for  the  same  vapor  when 
saturated ;  such  a  vapor  is  said  to  be  superheated.  When  far  removed 
from  the  temperature  of  saturation,  such  a  vapor  follows  the  laws  of 
perfect  gases  but  near  the  temperature  of  saturation  the 
departure  from  those  laws  is  too  great  to  allow  of  calculations  by  them 
for  engineering  purposes, 

All  the  characteristic  equations  that  have  been  proposed  have  been 
derived  from  the  equation 

pv-RT, 

which  is  very  nearly  true  for  the  so-called  perfect  gases  at  moderate  tem- 
peratures and  pressures  it  k  however,  well  known  that  the  equation  does 

not  give  satisfactory  result  >  at  very  high  pressures  or  very  low  tempera - 
To  adapt  this  equation  to  represent  superheated  gas,  a  corr 

term  is  added  to  the  right-hand  side  which   may  most  conveniently  be 
assumed  to  be  a  function  of  the  temperature  and  pressure,  so  that  cal- 

. tions  by  it  may  be  made  to  join  on  to  those  for  saturated  steam. 
The  most  satisfactory  chara<  quation  of  this  sort  is  that  given 
Knoblauch,*  Lindc,  and  KJebe* 

pv  -  BT  -  p  (i  - 

p  the  pressure  is  in  kilograms  per  square  metre,  f  is  in  cubic  metres. 
and  T  is  the  absolute  temperature  by  the  Centigrade  thermometer. 
The  constants  have  the  following  values: 

B  -  47.10,    a  -  0.000002,    C  -  0.031,    D  -  0.00 

In  the  English  system   of   units,  the   pressures  being  in  pounds  per 

liter  F«r«*K»f»rArt*ii.  etc  .  Hrft  ji.  S.  33.  1905. 
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square  foot,  the  volumes  in  cubic  feet  per  pound,  and  tin-  temperatures 
in  the  Fahrenheit  scale,  we  have 

fv  -  85.85  T  -  p  (i  +  0.00000976  p)  ('50.300,000 

The  following  equation  may  be  u>ed  with  the  jin—  un   in  pounds  per 
square  inch: 

fv  -  0.596*  T-HI+  0.0014  p)  (r5°'30o.ooo    _  Q 
The  labor  of  calculation  is  principally  in  reducing  the  corrective  term, 

and  especially  in  the  computation  of  the  factor  containing  the  tempera- 
ture. Table  XV  gives  values  of  this  factor  for  each  five  degrees  from 

100°  to  600°  F.;  the  maximum  error  in  the  calculation  of  volume  by  aid 
of  the  table  is  about  0.4  of  one  per  cent  at  336  pounds  pressure  and  428° 
F.;  that  is  at  the  upper  limit  of  our  table  for  saturated  steam.  At  150 

pounds  and  358°  F.,  which  is  about  the  middle  range  of  our  table  for 
saturated  steam,  the  error  is  not  more  than  0.2  of  one  per  cent,  which  is 
not  greater  than  the  probable  error  of  the  equation  itself  under  those 
conditions.  At  lower  pressures  and  at  higher  temperatures  the  error 
tends  to  diminish. 

The  following  simple  equation  is  proposed  by  Tumlirz  *  based  on 
experiments  by  Battelli. 

fv  =  BT  -  Cpt 

where  p  is  the  pressure  in  kilograms  per  square  metre,  v  the  specific 
volume  in  cubic  metres,  and  T  the  absolute  temperature  Centigrade. 

The  constants  to  agree  with  Knoblauch's  work  should  be 

B  =  47.10,        C  =  0.016. 

In  the  English  system  with  the  pressure  in  pounds  per  square  foot  and 
the  volumes  in  cubic  feet,  for  absolute  temperatures  Fahrenheit, 

pv  =  85.85  T  -  0.256  p. 

This  equation  has  a  maximum  error  of  0.8  of  one  per  cent  as  compared 

with  Knoblauch's  equation. 
Specific  Heat.  —  Two  investigations  have  been  made  of  the  specific 

heat  of  superheated  steam  at  constant  pressure,  one  by  Professor 
Knoblauch  f  and  Dr.  Jakob  and  the  other  by  Professor  Thomas 

*  Math.  Naturw.  Kl.  Wien,  1899,  Ha  S.  1058. 
f  Mitteilungen  uber  Forschungsarbciten  Heft  36,  p.  109. 
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and  Mr.  Short;  *  the  results  of  the  bitter's  investigation  have  been  com- 
municated for  use  in  this  book  in  anticipation  of  the  publication  of  the 

Icted  report. 

:•—  «T  Knoblauch's  report  gives  the  results  of  the  investigations 
made  under  his  dim  lion  in  the  form  of  a  table  giving  specific  heats  at 
various  temperatures  and  pressures  and  in  a  diagram,  which  can  be  found 

in  the  original  memoir,  and  he  also  gives  a  table  of  mean  specific  heats 

from  tin-  trinjHT.ituri-  of  saturation  to  various  temperatures  at  several 
pressures.  This  latter  t.il.le  is  given  here  in  both  the  metric  system  and 
in  the  Knglish  system  of  units. 
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The  construction  of  this  table  is  readily  understood  from  the  following 

example:  —  Required  the  heat  needed  to  superheat  a  kilogram  of  steam 

at  4  kilograms  per  square  centimetre  from  saturation  to  300°  C.  The 
saturation  temperature  (to  the  nearest  degree  .  ;°C\;  so  that  the 
steam  at  300°  is  superheated  157°,  and  for  thi>  is  required  the  heat 

i ;;  X  0.492  -  77.2  calo: 

The  experiments  of  Professor  Knoblauch  were  made  at  2,  4,  6,  and  8 

kilograms  per  square  centimetre;  the  remainder  of  the  table  was  obtained 

from  the  diagram  which  was  extended  by  aid  of  cross-curves  to  the  i 
Within  the  \\m\\^  of  the  rxjKTimcntai  work  the  table  may  be 

used  with  confidence,  the  greatest  error  being  probably  not  more  than 

•  Thcsb  by  Mr.  Short,  Cornell  I'nimrity. 
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one  third  of  one  per  cent.     Exterpolated  results  are  probably  less  reliable 
than  those  obtained  directly  by  Professor  Thomas. 

The  following  table  gives  the  mean  specific  heat  of  superheated  steam 

as  measured  on  a  facsimile  of  Professor  Thomas's  original  diagram  without 
exterpolation. 

SPECIFIC   HEAT  OF  SUPERHEATED   STEAM. 

Thomas  and  Short. 

•wsr 
PreMure  Lb*.  per  Sq.  In.    (Absolute.) 

e 15 :io :,o 
100 200 

400 

206 
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(i  :.71 
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0  .5:*-_> 
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(.  024 
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0  .r>:>7 
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!.-,(.- 
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0.567 

0  v 

•J.MI 
0.471 0.480 

0.424 
0.509 0.533 0.556 

0  .57  1 260 0.456 0.466 0.481 0.496 0.522 0.546 0.564 
MXf 0.4  JJ 0.453 0.468 0.484 0.511 0.537 

0  .").->  I 

Here  again  the  arrangement  of  the  table  can  be  made  evident  In  an 

example:  —  Required  the  heat  needed  to  superheat  steam  100  degrees  at 
200  pounds  per  square  inch  absolute.  The  mean  specific  heat  from 

saturation  is  0.55?,  so  that  the  heat  required  isgO.f  thermal  units. 
Total  Heat.  —  In  the  solution  of  problems  that  arise  in  engineering 

it  is  convenient  to  use  the  total  amount  of  heat  required  to  raise  one 

pound  of  water  from  freezing-point  to  the  temperature  of  saturated 
steam  at  the  given  pressure  and  to  vaporize  it  and  to  superheat  it  at  that 
pressure  to  the  given  temperature.  This  total  heat  may  be  represented 
by  the  expression 

where  /  is  the  temperature  of  the  superheated  steam,  /,  is  the  tem- 
perature of  saturated  steam  at  the  given  pressure  />,  and  q  and  r  are 

the  corresponding  heat  of  the  liquid  and  heat  of  vaporization.  The 
mean  specific  heat  cf  may  usually  be  selected  from  one  of  the  given  tables 
without  interpolation,  as  a  small  variation  does  not  have  a  very  large 
effect. 

The  total  heats  or  heat  contents  of  superheated  steam  in  the  tempera- 
ture-entropy table  were  obtained  by  the  following  method.     From  Pro- 
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lessor  Thomas's  diagram  giving  mean  specific  heats,  specific  beau  at 
various  t<  ires  and  at  a  given  pressure  were  obtained,  and  the 

thu>  ni.t.im.  -1  v.rre  faired  after  a  comparison  with  curves  cou- 

rt! with  Professor  Knoblauch's  specific  heats  at  those  temperatures. 
These  curves  were  then  integrated  graphically  and  the  results  checked 
by  comparison  with  his  mean  specific  heats. 

ropy.  —  By  the  entropy  of  superheated  steam  is  meant  the  increase 
of  mi  ropy  due  to  heating  water  from  freezing-point  to  the  temperature 
of  saturated  steam  at  the  given  pressure,  to  the  vaporization  and  to  the 

ing  at  that  pressure.    This  operation  may  be  represented  as 
follows: 

in  which  T  is  the  absolute  temperature  of  the  superheated  steam,  and  Tt 

i>  the  icm|*Tature  of  the  saturated  steam  at  the  given  pressure;  0  and    *- 

can  be  taken  from  Table  I.    The  last  term  was  obtained  for  the  tcm- 

peratim  -entropy  table  by  graphical  integration  of  curves  plotted  with 

values  of  ̂   derived  from  the  curves  of  specific  heats  at  various  tempera- 

•  >t  described  under  the  previous  section. 

Properties  of  Sulphur  Dioxide.  —  One  of  the  most  interesting  and 
imjx>rtant  appliiations  of  the  theory  of  superheated  vapors  is  found  in 
the  approximate  calculation  of  properties  of  certain  volatile  liquids  which 

.-eel  in  refrigcrating-machine-.  and  for  which  we  have  not  sufficient 
experimental  data  to  construct  tables  in  the  manner  followed  for  the 
fluids  already  discussed. 

All  attempts  in  this  line  have  followed  the  example  of  Lcdoux.  who 
made  the  first  attempt  and  who  naturally  took  for  the  basis  of  his  r 
tigations  the  form  of  equation  proposed  by  Zcuner  for  superheated  steam, 
nam 

pv  -  BT  -  Cf. 

Investigations  by  Knoblauch  already  discussed  show  that  this  equation 
can  be  considered  only  a  crude  approximation  for  steam,  and  conse- 

quently less  confidence  can  be  placed  on  investigations  by  its  aid  than 

•  rmerly  thought.     Nevertheless,  in  our  present  condition  and  until 

more  complt  •  mental  data  are  available  we  are  constrained  to 
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use  some  such  approximate  method,  and  it  does  not  appear  profitable  to 
recompute  tables  at  thi>  time. 

Fortunately  Regnault  determined  the  relation  of  temperature  and 
pressure,  and  gave  the  following  equations  for  pressure  in  millimetres  of 
mercury,  the  temperature  being  on  the  Centigrade  thermometer. 

SULPHUR    DIOXIDE.  AMMONIA. 

log  p  -  a  -  ba»  -  eft*  log  p  -  a  -  ban  -  eft* 
a  -  5.6663790  a  -  11.5043330 
b  -  3.0146890  b  -  7.4503520 
c  =  0.1465400  c  -=  0.9499674 

log  a    -  9.9972989  -  10  log  a  =  9.9096014  —  10 

log  ft   -  9.9872000  —  10  log  ft  =  9.0939729  -  10 
n  -  /  +  28  n  =  /  +  22 

Limits,  -  28,  +  62.  Limits,  -  22,  +  82. 

The  corresponding  equations  for  pressures  in  pounds  per  square  inch 
for  temperatures  Fahrenheit  are: 

SULPHUR   DIOXIDE.  AMMONIA. 

log  p   =  a  —  ban  —  eft"  log  p  =  a  -  ban  -  cftn 
a   =  3.9527847  a  =  9.7907380 

log  b   —  0.4792425  log  b  =  0.8721769  —  10 
log  c   =  9.1659562  —  10  log  c  =  9.9777087  —  10 
log  a     =  9.9984994  -  10  log  a  =  9.9997786  —10 
log  ft   =  9.99293890  -  10  log  ft  =  9.9966516  —  10 

n  =  /  -I-  i8°.4F.  n  =  t  +  7.6°  F. 

In  the  Thermodynamics  of  the  Steam-engine  by  the  author,  pages  1 1 7 
to  126,  this  calculation  has  been  carried  out  with  the  best  ascertained 

properties  of  the  superheated  vapors  of  sulphur  dioxide  and  ammonia 
with  the  following  results: 

SULPHUR   DIOXIDE.  AMMONIA. 

French    units,    pv  =  14.5  T  -     48  p*M        frv  =  54.3  T  - 
English  units,    pv  =  26.4  T  -  184  p'M        pv  =  99      T  - 

The  application  of  these  equations  to  the  vapors  when  saturated  gives 
the  following  results: 
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HEAT  or  VAPOHI/ATION. 

French  units,  r  »    98  -  O.27/  r  -  300  -  o.8l 
units,  r  -  176  -  o.27(/  -32)        f  -  540  -  0.8  (I  -  32 

SPECIFIC  HEAT  or  THE  LIQUID. 

ftULFHUR   DJOTOPB.  AMMONIA. 

c  -  0.4  c  -  i   i 

Tables  X  and  XI  were  calculated  by  aid  of  the  equations  written,  and 
may  be  of  use  for  approximate  calculations,  in  default  of  more  reliable 

let, 

Other  Data.  —  For  commit  m  <•  the  following  data  are  assembled:  - 

tfh  of  the  metre  in   inches  .     .  39-37- 

•ht  of  the  kilogram  in  pounds         2.2046. 
Weight  of  :  1  1 3 . 5959  kilos. 
One  horse  power,  in  foot  pounds  per  second       .     .      550. 
Ckewl  A  vafirur,  in  kilogram  met  res  per  second  75. 

760  mm.  of  mercury. 

Normal  pressure  of  the  atmosphere 

>o.333 

14.7  IDS.  persq.  in. 
2116  Ibs.  persq.  ft. 

29.921  in.  of  mercury. 
One  inch  of  mercury  is  equivalent  to  0.4912  pound. 

Absolute  temperature  of  freezing-point  o 

Mechanical  equivalent  of  heat.  }  4^7  meter-kilogrmins, 
C  778  foot-pounds. 

Explanation  of  Tables.    -  Table  I.  which  in  a  sense  is  the  fundamental 
table  for  Knglish  unit-,  ha-  been  computed  by  the  proper  equations  and 
methods  as  already  explained,  for  each  degree  Fahrenheit;  and  may  be 
relit  d  upon  to  have  no  errors  of  calculation  greater  than  half  a  unit  in  the 

icant  figure.    The  proper  degree  of  accuracy  to  be  attributed  to 
any  prop*  be  judged  from  the  precedi:  nents  of  data  and 

•i*.     In  general,  attention  has  been  given  to  this  matter, 
>roj>erty  being  -tnted  with  the  degree  of  accuracy  considered  proper, 

avoiding  superfluous  figures;  an  exception  will  be  found  in  the  earlier 
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parts  of  Tables  I  and  II  where  the  heat  of  vaporization  is  stated  to  five 
significant  figures,  while  the  data  may  appear  to  warrant  only  four;  but 

tin  re-  are  conveniences  in  keeping  one  decimal  place  throughout  these 
tables  for  this  property. 

Table  II  is  made  by  interpolation  from  Table  I,  but  the  work  has 

been  carried  on  in  such  a  manner  that  it  has  practically  the  same  degree 
of  accuracy. 

Table  1 1 1  was  computed  directly  from  the  proper  equation  for  each 
degree  Centigrade.  English  equivalents  are  added  so  that  ready  con- 

versions can  be  made  from  one  system  to  the  other  or  a  combination  of 
the  two  systems  may  be  used. 

Tables  IV  to  IX  were  taken  from  "  Zeuner's  Mechanische  Warme- 

theorie,"  making  a  correction  for  the  true  value  of  the  mechanical  equiv- 
alent of  heat,  instead  of  Joule's  earlier  value,  and  adding  columns  of 

entropy  of  the  liquid. 
Tables  X  and  XI  for  sulphur  dioxide  and  ammonia  were  calculated  by 

the  approximate  method  described  earlier;  though  open  to  a  considerable 
degree  of  error  they  may  be  used  till  better  information  can  be  obtained. 

Tables  XII  and  XIII  do  not  appear  to  call  for  comment. 
Table  XIV  has  been  computed  to  aid  in  reducing  data  from  tests  where 

pressures  are  recorded  in  inches  of  mercury.  Pressures  measured  in 
inches  of  mercury  are  usually  less  than  that  of  the  atmosphere  and 
the  reading  gives  the  vacuum,  which  is  to  be  subtracted  from  the 
barometric  reading  to  find  the  absolute  pressure  in  inches  of  mercury. 
The  table  then  gives  the  pressure  in  pounds  per  square  inch  which  can 
be  taken  to  Table  II  to  find  the  properties  of  steam. 

Table  XV  has  been  computed  to  reduce  the  labor  of  calculating  the 
volume  of  superheated  steam.  It  gives  the  value  of  the  factor 

,50.300.000  _  o -o833t 

in  Knoblauch's  equation  on  page  21  for  English  units.  By  aid  of  this 
table  the  volume  for  a  given  temperature  and  pressure  can  be  readily 
computed.  The  inverse  calculation  assuming  the  volume  cannot  be 
made  directly,  but  such  problems  can  be  resolved  by  trial  without  much 
labor.  If  the  pressure  and  volume  are  assumed  the  temperature  can 
be  found  neglecting  the  correction  term,  and  this  will  enable  us  to  enter 
the  table  at  nearly  the  right  place. 



... 

TEMPERATURE-ENTROPY  TABLE. 

This  table  has  been  made  to  facilitate  the  solution  of  problems  involv- 
ing adiabatk  action  for  steam  and  some  other  problems, 

It  gives  for  each  degree  Fahrenheit  and  for  each  hundredth  of  a  unit 
ropy,  the  Duality,  heat  contents  and  specific  volume,  both  for  mote 

and  for  superheated  v  i  the  pressures  correspond- 
ing to  the  temperatures  arc  also  giv< 

The  pro|H-rtie>  named  may  be  more  exactly  stated  as  follows:  — 

t  Steam 

Quality,  A  ;  the  jxirtion  of  a  pound  which  is  steam. 

it  contents,  AT  -f  q. 

Specific  volume,  r  -  ATM  +  <r. 

Superheated  Steam 

Quality,  /-/«,;  the  number  of  degrees  of  superheating. 
Heat  contents,  r  +  q  +  cf  (t  -  /.«,). 
Spec  it  ic  volume,  v. 

arranged  in  groups  of  eight  triple  columns,  four  on  each  of 
two  pages,  which  face  each  other.  Such  a  group  is  continued  from  the 
highest  to  the  lowest  temperature;  then  comes  the  next  group  of  eight 
triple  columns,  etc.  Commonly  the  solution  of  a  given  problem  may 
be  found  in  a  single  group  or  in  two  successive  groups.  It  is  important 
to  note  this  feature  of  arrangement  to  avoid  aimless  search. 

For  engineering  purposes  it  will  be  found  sufficient  to  take  the  nearest 
tem|K.Tature  of  saturated  steam  and  the  nearest  column  of  entropy, 

and  to  take  from  the  corresponding  place  in  the  table  the  required  quan- 

tities. At  the  highest  temperature  (420°  F. ),  the  error  of  half  a  degree  of 
temperature  corresponds  to  an  error  of  a  pound  and  a  half  in  pressure; 
the  other  properties  have  the  following  errors:  heat  contents  0.15  of  a 

".,  and  specific  volume  0.008  of  a  cubic  foot,  which  latter  amounts 
to  half  of  one  per  cent.  At  lower  temperature  the  variation  of  pressure 
is  progressively  less,  but  the  other  two  properties  named  are  affected  to 

about  the  same  degree.  Such  errors  if  they  were  carried  into  computa- 
tions and  united  with  other  errors  in  such  a  way  as  to  occasion  greater 
taintics  would  be  liable  to  be  inconvenient;  but  when  found  in  the 
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final  results  of  computations  and  their  limits  known,  arc  not  likely  to 
cause  trouble. 

On  the  other  hand  tin-  error  of  half  a  hundredth  of  a  unit  of  entropy 

will  at  400°  correspond  to  0.51  of  a  per  cent  of  priming  or  moisture  in 
the  steam,  and  will  carry  a  like  error  into  all  of  the  work.  This  uncer- 

tainty of  using  the  table  without  interpolation  will  he  nearly  the  .same 
throughout  the  table. 

Should  the  errors  named  be  considered  to  be  too  large  in  any 
greater  accuracy  can  be  had  by  interpolation.     Direct  interpolation  for 

temperature  or  for  entropy  can  be  made  with  facility;  cross-interpolation 
will  be  somewhat  more  troublesome. 

The  use  of  the  tables  can  best  be  illustrated  by  a  few  examples. 

Example  i.  —  Given  the  pressure  by  the  gauge  150.3  pounds  (165 
absolute)  and  the  priming  2.0  per  cent  i.v  =  0.980)  to  find  the  entropy, 
heat  contents  and  specific  volume.  This  condition  is  found  most  nearly 
on  page  78  and  gives 

$  —  i .  54  xr  -f  q  =  1176.8  v  =  2.  699. 

Example  2.  —  Given  the  pressure  150.3  pounds  by  the  gauge  and  the 

temperature   508°  F.,    to   find   the  entropy,   heat  contents  and   sp 
volume.      The  superheating  is   142°  and  the  temperature  of  saturated 
steam  corresponding  to  165  pounds  absolute  is  366°  F.     These  conditions 
are  found  on  page  93  and  give 

<f>  =  1.65  r  +  q  +  cp  (/-/,)  =  1274        v  =  3.395. 

Example  3.  —  Required  the  amount  of  heat  changed  into  work 

pound  of  steam  for  Rankine's  cycle,  the  initial  pressure  being  150.3 
pounds  by  the  gauge  and  the  exhaust  being  under  a  vacuum  of  26  inches 
of  mercury.     The  steam  initially  has  i.o  per  cent  of  priming,  and  the 
barometer  stands  at  30  inches  of  mercury. 

The  exhaust  pressure  is  4  inches  of  mercury  which  by  Table*  XIV 
corresponds  to  1.96  pound.  The  initial  absolute  pressure  is  found  by 
adding  the  equivalent  of  30  inches  of  mercury  or 

14.7  pounds  to  150.3  giving  165.0. 

The  solution  of  this  problem   is  found  in  the  column   for  entropy 



KODUCTION. 

p  t  x  -  q 

Initial        165  366  .990  1185.0  2.726 

Final  2  126  ;v,  899.1  *J7  -4 

-m^itl  into  work  285.  9 

implc  4.  —  Required  tht  of  discharge  from  a  nozzle  which 
takes  steam  at  1  50  ;  jxmn«N  by  the  gauge  and  expands  down  to  26  inches 

of  vacuum;  thr  initial  priming  being  .01  and  the  barometer  being  at 

3°  ini 
<  availal  :  the  same  as  that  for  the  previous  problem,  namely, 

285.9  E.T.I,  for  an  adiabatic  expansion.   .The  velocity  without  fr 
1  be 

V  -  V2  X  32.2  X  778  X  285.9  -  3786. 

If  an  allowance  of  ten  JXT  rent    U    made    for    friction  the  velocity 
will  be 

V  -  V 2  x  32.2  ^5.9  -  3500. 

The  sj><  In  me  at  exit  can  be  found  as  follows:  —  The  heat  that 

would  be  changed  into  work  with  an  allowance  of  ten  per  cent  for  friction 
will  be 

0.90  X  285.9  -  257.2  B.T.U. 

Subtracting  from  the  initial  'tents  leaves 

1185  -  257  -  928  B.T.U. 

for  the  heat  at  i26°F.  at  the  discharge,  and  this  property  is 
found  for  the 1  ntropy  i  .60;  the  correspond i :  <>lume  is  142  cubic 

Example  5.  —  Suppose  that  the  con  -f  example  3  are  applied 

to  a  stcam-turhim-  which  has  four  pressure  stages.    For  adiabatic  expan- 
thi'  available  heat  JKT  stage  will  be 

285.9  +  4  -  7'  4  B.T.U. 

This  quantity  may  be  subtracted  four  times  successively  from  the 
initial  heat  contents  and  the  results  will  be  the  heat  contents  for  the 
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intermediate  and  final  pressures.     All  the  propertie>  arc-  to  l>r  located  in 
the  columns  for  entropy  1.55.    The  results  are  as  folio 

INITIAL 

STAGE. 

SECOND 

STAGE". 

THIRD 

STAGE. 
FOURTH 
STAGE. 

DISCHARGE. 

Heat  contents I  185.0 

"13-5 

IO4 

970.6 

809.1 

Temperatures 

366 

299 
237 

1  80 
126 

Pressures 

'65 

66.2 
23-7 

7-50 

1.99 

A  full  discussion  of  this  method  with  allowance  for  friction  and  other 

losses  together  with  its  limitations  will  be  found  in  the  author's  "  Thermo- 
dynamics of  the  Steam  Engine/' 
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16.  45^ 
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83.7  0  5361 
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225.6^ 364.8 836.7 751.8 84.9 0.5558 (•  '.is26 

2.05U- 

0.487754 

392 

393 
•J;jx   j*'.' 

365.8 v«>  ( 751  1 84.9 0.5571 0.9806 

-'  QMS 

0  493155 

393 
394 

-'  <o  v'.L' 
366.9 835.2 750.3 84.9 0.5583 0.9786 

2.00622 0498656 
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395 233  Sj. 367.9 834.5 749.5 85.0 0.5595 0.9766 .984 

0.50405fl 

395 
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mJE 
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0.5619 
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0.9726 
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241.623 371.0 832.3 747.2 85.1 0.5632 0  970( 

.92091 

0.5209,- 
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399 372  0 831.6 746.5 85.1 
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0.5266J7 

399 

400 
-'47  u^ 373.1 830.8 745.7 85.1 O.MM 

<).%(-,( 

87820 

0  532458 

400 

401 
250  °M 374  1 830.1 745.0 85.1 0.5668 0.9647 

.85820 

0.5382. 401 
402 
403 

255.  7^ 
375.2 
376.2 

829.4 
828.7 

744.2 
743.5 

85.2 
85.2 0  ,%M 

0  .5692 
0  %27 
0.9608 

ooo*" 

:8i8*j 

0.54412 

0.5500*9
 

402 403 

404 *"*^         '><) 377.3 827.9 742.7 85.2 0.5704 0.9588 

•79819 

0.55606. 
404 

405 

261  .S2
9 

378.3 827.2 741.9 85.3 0.5716 0  .9569 

77919 

0.5621^ 

405 

406 

264  .S3
* 

379.4 826.4 741.1 85.3 0.5728 0.9549 

•76019 

0.5682^ 

406 

407 
408 

267  5™ 
270  jX 

380.4 
381.4 

825.7 
825.0 

740.4 
739.7 

85.3 
85.3 

0  .5741 
0  .5753 

0.9529 
0.9509 

741  19 

7228 
0.5744fi2 

0.5806^ 407 408 

409 
273  530 382.5 824.2 738.8 85.4 0.5765 0.9490 

.704j« 

0586963 

409 

410 
411 
412 

276  .5,. 

279  .63 
282  732 

383.5 
384.6 
385.6 

823.5 
822.7 
822.0 

738.1 
737.3 
736.6 

85.4 
85.4 
85.4 

0  .5777 
0  .5789 
0.5801 

0.9470 

0.9451 
0.9431 

•68618 

0.5931M 

0  .5995J: 

0.6059J4 

410 
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412 

413 285.9,. 386.7 821.2 735.8 85.4 0.5813 0.9412 .633.- 
0.6124A. 413 

414 »  »:;! 387.7 820.5 735.0 85.5 0.5825 0.9393 616 

0  618966 
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415 

292  232 388.7 819.8 734.3 85.5 0.5837 0.9374 

:599jJ 

0625566 
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295  .4,, 389.8 819.0 733.5 85.5 0.5849 0.9355 

.582|7 

0.6321fi- 
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390.8 818.3 732.8 85.5 0  .5861 0  .9336 
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0  6388«o 417 
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301  933 391.9 817.5 732.0 85.5 0.5873 0.9317 

MS\l 

0.6456J* 

418 
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305  234 392.9 816.8 731.3 85.5 0.5885 0.9298 532 

0.6525-. 419 
420 •'(|X      '•    MJ 394  .0 816.0 730.5 85.5 0  .5896 0.9279 

.516,  « 
0  .  65961  J 420 
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311  .9g 395.0 815.3 729.8 85.5 0.5908 0.9260 
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0.666772 421 

422 315  .3,. 396.1 814.6 729.0 85.6 0.5920 0.9241 404 
t  r 0  .6739-, 
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433 318.  7£ 397.1 813.9 728.3 85.6 0  .5932 0.0222 
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0.6812;;! 
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322  .2^ 398.2 813.1 727.5 85.6 0.5944 0.9203 

:452!S 

0.688674
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425 325  .7,, 399.2 812.4 726.8 85.6 0.5955 0.9184 .436., 0.6961-, 
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329  2~ 
400.3 811.6 726.0 85.6 0.5967 0.9165 

.421    e 
0  7036i« 

426 

427 

332.  7» 
401.3 810.9 725.3 85.6 0.5979 0.9147 

.406U 

0711276, 

427 

428 336.3 402.3 810.2 724.6 85.6 0.5991 0.9129 1.392 
0.7188 

428 
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350  .Oj 321.3 867.4 784.7 82.7 0.5034 .0715 
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* 
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139 
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3.1762. 
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3.093?° 
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328.1 862.6 779.5 83.1 0.5119 .0568 
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.0557 
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0.3274 
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358  .31 329.8 861.4 778.2 83.2 0.5138 .0534 

8.01«}J 

0.3315*} 
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151 358.8, 330.4 861.0 777.8 83.3 0.5145 .0522 
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0.3336 
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152 359  .31 330.9 860.6 777.4 83.3 0.5152 .0511 
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0.33782J 
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156 332.4 859.6 776.2 83.4 0.5172 .0477 

2.924|» 

0.3420*; 155 
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0.5417 
0  W2 

1.0062 
1.0053 

2.331.2 

2.319  « 

0.4289^ 

0.4309*° 

197 198 

199 

m  .:! 
353.6 844.6 760.2 84.4 0.5427 1.0044 

.)  •!()()  1() 

0.43292° 

199 

200 381.7 354.1 844.3 759.9 84.4 0.5432 1  0035 

2.299in 
0.4349^ 

200 
201 >'J  -2 354.5 S44  .0 759.5 84.5 0.5437 1  0026 

1.,  .,.,.10 

-    -   "in 

0.4369?° 

201 
202 382.6 354.9 843.7 759.2 84.5 0.5443 1.0018 

22791' 
0.4389?° 

202 

203 383.0 355.4 843.4 758.9 84.5 0.5448 1.0010 

2.268f1 0.441001 

203 
204 355.8 843.1 758.6 84.5 0.5453 1.0002 2.257 0.4431:1 

204 206 :K<  H 356.3 842.7 758.2 84.5 0.5458 .9994 

2.246" 0.445,20 

205 

206 384.2 356.8 842.4 757.8 84.6 0.5463 .9986 

0.447201 

206 

207 '\  S  i     f*» -•     "t     '' 357.2 842.1 757.5 84.6 0.5469 .9977 

,)  2)6 
0  -44932J 

207 

208 385.1 357.6 841.8 757.2 84.6 0.5474 .9968 

2:2i6j? 

208 

209 385.5 358.0 841.5 756.9 84.6 0.5479 .9959 

2.2051A 0  .453401 
209 

210 385.9 358.4 841.2 756.6 84.6 0  .5484 .9950 

2.195° 

0.4555*1 210 

211 386.3 358.8 841.0 756.3 84.6 0.5489 .9942 

2.1851° 

211 

212 386.7 359.2 840.7 756.0 84.7 0.5493 .9934 

2.176a 

0  4597 212 

213 387.1 359.6 840.4 755.7 84.7 0.5497 .9926 

2.167?n 

o  '46172° 
213 

214 387.5 360.1 840.0 755.3 84.7 0.5502 .9918 

2.157}° 

0.4638*} 
214 

215 387.9 360.5 839.7 755.0 84.7 0.5507 ,9900 

2.147in 0.465901 

215 
216 388.3 360.9 839.5 754.8 84.7 0.5512 .9901 

2.137'° 
0.4680* 

216 

217 388.7 361.3 839.2 754.5 84.7 0.5518 .9893 

1.  1*5 0470120 

217 

218 389.1 361.7 838.9 754.2 84.7 0.5523 .9885 
—  *  1  1  •  ( 

0.47212() 

218 

219 389.5 362.1 838.6 753.8 84.8 
0.5528 .9878 

2.110* 

219 

220 389.8 362.5 838.3 753.5 84.8 0.5532 .9871 
S:i?622j 

220 

221 390.2 362.9 838.0 753.2 84.8 0.5536 .9863 2.092- 

0.4782OI 

221 
222 

.'V'O   ('• 363.3 837.8 753.0 84.8 0.5541 .9855 

2  .083* 

0.4803*} 222 223 391.0 363.7 837.5 752.7 84.8 0.5546 .9847 

2.074* 

0.4824^} 223 

224 391.4 364.1 837.2 752.4 84.8 0.5551 .9839 

2.065Q 
0  .48450 

224 
225 391.8 364.5 836.9 752.0 84.8 0.5556 .9830 

2  .056* 

0  4866 225 

226 392.2 364.9 836.7 751.7 84.9 0.5560 .9822 

2.047° 

0:™*% 
226 

227 392.6 365.3 836.4 751.5 84.9 0.5565 .9814 
2  .0'<8Q 

0  .490701 

227 
228 392.9 365.7 836.1 751.2 84.9 0  .5570 .9807 

2.030° 

0  .4928^; 

228 

229 393.3 366.1 835.8 750.9 84.9 0  .5574 .9800 

2  .021* 

8 

0.494921 

229 

230 
231 

393.7 
394.1 

366.6 
367.0 

835.4 
835.1 

750.5 

750.2 
84.9 
84.9 

0.5579 
0.5584 

.9792 

.9784 

2.013Q 

•2  OOg 

0.4969 

0.4990*} 

230 
231 

232 394.5 367.4 834.8 749.9 84.9 0.5588 .9776 

1.996g 

0.50112J 232 

233 394.8 367.8 834.6 749.6 85.0 0.5593 .9769 

.988a 
0.5031on 

23? 
234 395.2 QRfi    1 .)'»>     1 834.4 749.4 85.0 0.5597 .9762 

MQC 

0.50512! 

234 236 395.6 368.4 834.2 749.2 85.0 0.5602 .9755 

'9728 

0.507l2° 

235 

236 395.9 368.8 833.9 748.9 85.0 0.5606 .9748 

.964R 

0.5092^ 
236 

237 396.3 369.2 833.6 748.6 85.0 0.5611 .9740 

.956° 
0.51122° 

237 



SATURATED    STEAM     TABLE  XL 

49 

240 

841 
242 
243 

246 
24G 

247 

250 
M] 
262 

263 
264 
266 

256 
257 

261 

262 
2G3 
2G4 

2G5 
2GG 
267 

270 

271 
272 
273 

274 
276 
276 

277 
278 

J-.f,  7 

il  „ m  * 

m  - 
.I'.S      1 

il  I 

in  •: 

4003 
4->   »i 

401  0 
401  3 
401  7 

M  I 
4n^  4 
4"J  7 

403  1 

M  4 403  8 

404  1 

4' .4    •, 404  8 

4..-,  : 
405  5 
4ir,   x 

4062 
4-..,  | 

4>-,  H 

407  2 

407.5 
407  9 

408  2 

4<.x  -, 4<>  S 

4-r.  .' 4."  | 

4«r.  - 

410  2 
410  5 

>.,••  7 

i7u  1 

3704 

3707 

371 

371 
m 

3737 

374  8 

375  2 
375  6 
3759 

3763 
376  7 
377.0 

377  4 

177  * 
,>7s    1 

<7"   * 

m  .- 

-:     '. 

.:•  | 

M  -, 381.3 

381  6 

m  " m  ; 
m  7 tx-J  .. 
.vs<  4 

m  * 
m  M m  - -  U  f. 

w  » 
831  7 

K.10 

M 
ni 

M 
m 
m 
m 

in 
M 
ni 
HI 

HI 

74s  J 

74s  •• 

747  5 

7469 

7466 
746  4 
746  1 

7458 

74",    -, 
7453 

7450 

744  5 

744  2 

743  9 
743  7 

743  4 

742.9 

742  6 
742  3 
742  0 

741  7 

741.2 

7409 
740  7 
740  5 

8255  7402 
8253  7400 
8250  7397 

"J4    - ^J4    I 

^•4    i 

-J4   .. 

Hji     «» 

HI  '•
 HI  * m  i 

7395 
r»j 7;-  1 

m 
m 
m 
737 

7>7 

85  0  0  5615     97» 
85  0  0  5690)    .9716 m  -  u  >,J4   mi 

H  i 
H  i 
85.1 

85  1 

85.1 

H  i 
85  I 

85  1 

85  2 

u  MM 

5633 

563M 
5642 

5646    .9661 
5651      9674 

85  2   0  5681 

s-,  :    M  -,-.- s-,  j    n  >,v, 

85  2 

85.2 

85  2 85  2 

..  MM 

OM 0.5702 

05706 
05710 
05714 

05718 

U    :    '•  -.7.: 

s"
 

85  3 
85  3 
85  3 

85  3 
85  3 
853 

85  3 

0  5730 
05734 
05738 

05742 
05746 
0  5750 

05754 
0  5759 
0  5763 

4  0  5767 

88.4  0  5771 
85.4,  05775 

88.4J  0  5779 

•  4 

5655 
5659     9661 
5664 

0  5672 

05676 

••,47 

9641 

9634 

.9627 

.9690 
9613 

HVI 
mi 

HH 

9474 

NH 

- 
05195^     241 
0  5215*      242 243 

i  mn 
0 
I 245 

24G 

0  5320,.      247 

*      248 

0536l          240 

|  '.  -: 

o  5401: 

0  5421 
U 

HI 
261 
262 

• 

0.546X*    ;   254 

I  MM£      266 

I  '."4;.      278 



SATURATED    STEAM-TABLE   II. 

1 g 

.s 
1 H 

AA-B w-  "T 

,g  , 

DENSITY 1 

ffo jfa
 

3 

? 

,
 
 

Hen* 

o
d
M
t
f
M
 

m Ki 

in 
is t  •/ 

-  f 

r 
i 

p;il 

& 

'/  • 
T 

* y P 

279 
280 

410.8 
411.1 

3S4.4 737.4 
737.2 

.V.  4 

85.4 
0.5786 

(1    ."'Ml 

.9454 

MM 

i  3 
0.5985* 

ii  SOOL 

279 
280 

281 411.4 

M 
 ('

 

822.4 737.0 85.4 0.5794 
.9442 

0.602g 

281 

282 411.8 385.4 822.1 736.7 85.4 0.5798 .9435 

1   ';.Vt. 

u  MM, 

282 
283 412.1 

KB  : 
821.9 736.5 85. 

0  XL' 

Mao 

0.606* 

283 

284 412.4 386.0 821.7 736.3 85. 0.5806 
.9423 

!:«'« 

0.608J 

284 

286 412.7 386.4 821.4 776.0 85. 0.5809 .9416 1  638 

0.6100 

286 
286 
287 

413.0 
413.4 

:ixr,  7 
387.1 

821.2 
820.9 

735.8 
735.5 

85. 
85. 

0.5813 
0.5817 

.9410 

.9404 

1:8% 

0.612* 

0.614* 

286 

287 

288 413.7 387.4 820.7 735.2 85.5 0.5821 .9399 1  .621. 

0.6160 

288 

289 414.0 387.7 MM  :, 735.0 85.5 0.5825 ma 1  .616? 

0.618- 

289 
290 414.3 388.0 820.3 734.8 85.5 0.5829 .9387 

1.611* 

0.6203 

290 

291 414.6 388.3 820.1 734.6 85.5 0.5832 .9382 1  .605. 

0.6232 

291 
292 414.9 

>x  ,-, 
819.9 734.4 85.5 0.5836 .9377 

1  r(o(i;| 

0.625* 

292 
293 415.3 388.9 819.7 734.2 85.5 0.5840 .9370 

1  .5956 

0.627* 

293 

294 415.6 389.3 819.4 733.9 85.5 0  .5843 
.9363 1  .589. 

0.6299 

294 
295 415.9 389.7 819.1 733.6 85.5 0  .5847 .9357 

1  .584? 

0.631* 

295 

296 416.2 390.0 818.9 733.4 85.5 0.5851 .9351 

1.579* 
0.633* 

296 

297 416.5 390.3 818.7 733.2 85.5 0.5854 .9345 1  .574- 

0.6350 

297 

298 416.8 390.6 818.5 733.0 85.5 0.5858 .9340 

1.568° 

0.637; 

298 

299 417.1 390.9 818.3 732.8 85.5 0.5862 .9334 

1.563* 
0.639* 

299 

300 417.4 391  3 818.0 732.5 85.5 0.5866 .9328 1  .558. 

0.6420 

300 
301 417.7 391.6 817.7 732.2 85.5 0.5869 .9322 

1  .553* 
0.644* 

301 302 418.0 391.9 817.5 732.0 85.5 0.5873 .9317 

1.548* 
0.646* 

302 

303 418.3 392.2 817.3 731.8 85.5 0.5876 .9311 1  .543. 

0.6480 

303 

304 418.6 392.5 817.1 731.6 85.5 0.5880 .9306 1  .538 

0.650* 

304 305 418.9 392.8 816.9 731.4 85.5 0.5884 .9300 

1  .533* 

0.652* 

606 

306 419.2 393.1 816.7 731.2 85.5 0.5888 .9294 1.528. 

0.6540 

306 
307 419.5 393.5 816.4 730.9 85.5 0.5891 1  .524? 

0.656* 

307 308 419.8 393.8 816.2 730.7 85.5 0  .5894 !tt8) 

1  .519? 

0 

0.658* 

308 

309 420.1 394  1 816.0 730.5 85.5 0.5898 .9277 1.514. 

0.6600 

309 
310 420.4 394.4 815.8 730.3 85.5 0  .5901 .9271 

1.509? 

0.662* 

310 311 420.7 394.8 815.5 730.0 85.5 0.5905 .9255 

1.504* 

0.664* 

311 

312 421.0 395.1 815.3 729.8 85.5 0.5908 .MM 1.500. 

0.666, 

312 313 421.3 395.4 815.0 729.5 85.5 0.5912 .9254 

1  .495* 

0.669; 

313 
314 421.6 395.7 814.8 729.2 85.6 0.5916 .9249 

1.490* 0.671* 

314 

315 421.9 396.0 814.6 729.0 85.6 0.5919 .9243 1.485. 

0.6739 

315 316 422  2 
M6  :< 

814.4 728.8 85.6 0.5922 .9237 

i  4  so;' 

0.675; 

316 317 422.5 396.6 814.2 728.6 85.6 0.5926 .9231 

1  .475* 
0.677* 

317 

318 422.8 

m  " 
814.0 728.4 85.6 0.5929 MM 1  .471  . 

0.6790 

318 319 423.1 397.2 813.8 728.2 85.6 0.5933 .9220 

1.467*. 

0.681* 

319 



SATURATED -TABLE    II 

(A 
320 
321 

ni 

324 
326 

326 
327 
32H 

330 

331 

332 
333 
334 

336 
33G 

4J(  4 

4Jl  7 

4J4  n 

4J4  .' 

4J4  s 

426.1 
4.",  4 

4J-,  7 

4260 
4.-'-,  : 
426  5 

4J'-.   - 

427.4 

427.6 
4J7  M 

>,;  | 

m  : 
m  < 

3003 
3006 
.Tr.i  " 

4002 

4<«.  .' 4008 

401  1 
401  4 
401  7 

402.0 
4.U    i 

8136 

8129 

8125 

8123 MJ    I 

811  9 

811  7 
811  4 

811  2 

811  0 
810  8 
810  fl 

810.4 
810  2 

m  i 
727  5 

727  3 
727  1 ::•-.  I 

7267 

m  - 

7263 

m  : 725 725 

7.", 

725 
725 

7J4   - 
724  » 

85  6 
856 

85.6 

856 

85  6 
856 

856 

85.6 

856 

856 

85  6 
85  6 

..  '..4. 

|    ',.4- .,    -,.4' 

0  59M 

I n  H« 
M  vn ,.  m 

05977 

05 

„  m 
(.  Ml 

0.5990 

1 
9214 

9209 

9199 
9193 

91*1 
9176 .9171 

9166 
.9161 
.9156 

.9151 
9145 
.9140 

.9136 

.9131 

i 
:  g 

1    4',,4( 

Ifl 
I  4344 

1    4,iJ 

1426* 

1  417? 

1  4I3J 

I.4WJ 

1.3974 

l    •/.>< 

321 

331 
332 
333 
334 

33.0 330 



TM-.I.K    III. 

SATURATED    STEAM. 

FRENCH  AND  ENGLISH  C<>\     i;- IN    \\ 

•i 

!>-.•  •••••• HEAT  or HEAT  or 

Jt    l\    N- tl 
CTUMftCRB. TUB  LIQUID. /VTION. 

LBNT  <  ' 
TBRNAL  WORK. £2 

=  - pi Jt jlJji 
Jili 

1 
- 
- 
0 i P 

5 i _ 
H 

CQ 

!l 

H 

1 

0 

*^ 

4     Ml'
' 

<VV      X«l 

.006257^, 
0.0890^ 

0.00 0.0 606.5 1091.7 575.4 1035.8 

32 

1 
4941362 .006718TXi 

0.0955J* 

1.01 1.8 605.8 1090.4 574.6 1034.4 33  8 
2 

530338€ 
007210525 

0.10267; 
2.02 

3.6 
605.1 1089.1 573.8 1033  .0 36  6 

3 
4 

5.6894U 610043 (  M  1  1  t  .V)  »  -  . 

flftswv 
0.1100.Q 
0.1179^ 3.03 4.03 5.5 

7.3 
604.4 
603.7 

1087.9 
1086.6 

573.1 
572.3 

1031  .5 
1030.1 

37  4 
39  2 

5 
6.536^ 

63v 

0  126490 
5.04 9.1 603.0 1085.3 

571.5 1028.7 41  0 

6 
7001493 

.009519679 

0.135495 

6.04 10.9 602.3 1084.1 570.7 1027  .3 42  8 
7 
8 

7494525 

8.019?* 
.010198°™

 

.01090  JJ 

SJ»«?!g 
7.05 
8.05 

12.7 
14.5 

601.5 
600.8 

1082  .8 
1081  .6 

569.9 
569.1 

1025.9 

1024  .5 

44  6 

46  4 

9 8.576.Q. 
.01166^ 0.1658n, 9.05 16.3 600.1 1080.3 568.3 

1023.1 48  2 
10 9  .16/ 

01246Rft 

0.1773  i,    10.06 18.1 599.5 1079.1 567.6    1021.7 60  0 
11 9  795665 

0133290 

0.1894  ̂     11.06 19.9 598.8 1077.8 566.8    1020.3 61  8 

12 
10.46  fl 

0142295 

0.2023,,J  12.06 
21.7 598.1 1076  .6 566.0    1018.9 63  6 

13 
11  1675 

0.215!)  •?''    i:i  of 
23.5 597.4 1075  .3 565.2    1017.5 

66  4 14 
11  9179 

01619108 

0.2303j^|  14.06 

25.3 596.7 1074.1 1016.1 67  2 

15 12.70^ .01727 0.2456.J  15.06 27.1 596.0 1072  .8 563.7 1014.7 69  0 
16 

1  7     *\jP^ 
1  O    •  "*OQ .01841  1^ 0.2619  ̂ i  16.06 28.9 595.3 1071  .6 562.9 1013.3 60  8 

17 

14.42**
 

•01961127 

0.2789J™ 

17.06 30.7 594.6 1070.3 562.1 1011.9 62  6 

18 15  36 02088 

0.2970192 

18.06 32.5 593.9 1069.1 561.3 1010.5 
64  4 19 16.35??, 

.02223JJ; 
U  •<3lO«n/w> 19.06 34.3 593.2 1067.8 560.5 100!*    1 66  2 

20 

17.40J0* 

.U^oOO-  j^ 

0.3364^ 

20.06 36.1 592.5 1066.6 559.7    1007.7 68  0 

21 
18.50I1A 02515,.  , 0  3578 21.06 37.9 591.8 1065.3 558.9    1006.3 69  8 

22 

19.66  '°
 

.02673  £ 

o  3803^^ 

22.06 39.7 591.1 1064.1 558.1    1004.9 
71  6 

23 20.89  £ .02840  Si 0^40412^   23.06 
41.5 590.4 1062.8 557.4 1003.4 73  4 130 177 250 

24 
22  19136 030171Q. 0.4291_J  24.06 43.3 589.7 1061.6 556.6 1002.0 75  2 

26 .03202  Sj  0.46565! 25.05 45.1 589.0    1060.3 555.8    1000.6 77  0 26 
24  :»jg 

.03398^  0.4834279 

26.05 46.9 588.3 1059.1 555.0 

'.<!'<•   2 

78  8 

27 
28 

»;"ieO 
.03604        0.5127 
.03822flr   0.5436^; 

27.05 
28.05 

48.7 
50.5 

587.6 
r.sr,  !« 

1057.8 
1056.6 

554.3 
553.5 

997.8 

'.»%  4 

80  6 

82  4 29     29.79J2J 0405°oS   0.5761,f 29.04 52.3 586.3 1055.3 552.7 995.0 
84  2 176 240              341 

30 31  -M18S .04290         0  610236Q 30.04 54.1 585.7 1054.1 552.0 993.6 86  0 

•  Nor*:   This   table  give*   the  Metric  values  for  one"  kiloyram  and   the  English  value*  for  on* ind  at  ooircMDondinc  teniDeratures.       If  refinement  is  desired  Table  I  should  be  used. pound  at  corresponding  temperatures 



K      III 

SATURATED   STEAM 

IUDKCII    U  \\KKMl*\   TABLW 

1890  172. 8 
1789  161 
1684 

1279  116  4.. 1180  109.3^ 

..a 

00149**  
0.00057 

0010386. 0  OllOfTl 

0  012527- 
0  0133082 
0  0141381 

00009372...     644    66  2 

0 .0010566J1       68 

H|08 

o  0190217; 
002015li; 

.1  .174  i 

59.2   0  0776 

0  02135 
0 
0  02391 

0  001333-a 

0  0014 11'!; 0  OOMMC 

600  00945 
60  2  0.0978 
60  3  0  1011 

Norm.  Thy  ubto  *vm 



SATURATED    STEAM  -TABLE    III. 

31 
32 
33 

34 
35 
36 

37 
38 
39 

40 
41 
42 

43 
44 
45 

46 
47 
48 

49 
60 
51 

62 
63 
64 

65 
56 
57 

58 
59 
60 

64 
66 
66 

I1  B  --•  • 

33  41 
35 

IN 

41 
44  21 

46 
10    11 45J.J1 

249 

!?261 .,-., 

54.91 

64.35 

75  16394 79  10411 
83-  2l 

)  n-,>i 
i  06688S! 006011339 

006350355 

!!  woTTgJ 
0.074664  fl 

n  W87«SJ o  08808;:; 

0  .08750 
o 
0.09707 

0.          ,,A 
0.10756 
011314 585 

87.51447  0.11899^ 
91    98  toeA«rWO 

013141 

101. 54,, n  0.13804, 
5.64«V  !0. 14497 

0.12507IX? 

/\      1  O  1  4  I  "«5* 
663 

693 
7M 

»  c 
135.51 Kl 

142  ('-'-
' «  >«™ 

61  155 .85-,, 

62  163  '°
7 

63  170 

> 
0. 

i  7J:;r. 

07fi53 

0.8550 

0.9031 

0. 
1  . 

481 

553 

111  95554  °  15220754 

117.49C,«  0.159747g3 

0.175748*7 

0  21189 

729 1 .45367fi2 

i  :5»zs 1.6093^ 
1 .6924g65 

}!!8?^ 
2 

2.2719 
2.3833 
2.4995 

111 
1162 
1201 

HEAT  or 
IQUID. 

31.04 

U  «'4 
33.04 

34.03 :•;.•,  (i:i 

36.03 

37.02 
38.02 
39.02 

40.02 
41.01 
42.01 

43.01 
44.01 
45.00 

46.00 
47.00 
48.00 

48.99 
49.99 
50.99 

51.99 
52.99 
53.98 

54.98 
55.98 

.16  Us 

996 3.0137 

0.22185^.3.1555 

0.23222  "^  3. 3029 

|178.72823  0. 24297. 12f)  3  4560 
l,0«nc»^  0  25417 JfW  3. 6152 
119550^0. 

2.620419rQ  57.98 
2.7463!;?;  58.97 

59.97 

60.97 

|  61 .97 62.97 

63.98 
64.98 

V,  !<s 

53 

55.9 

57.7 
59.5 

61.3 

63.1 
64.9 

66.6 
68.4 
70.2 

72.0 

73.8 
75.6 

77.4 
79.2 
81.0 

82.8 
84.6 

86.4 

88.2 
90.0 

91.8 

93.6 
95.4 
97.2 

99.0 
100.8 
102.6 

104.4 
106.2 
108.0 

109.8 
111.6 

113.4 

115.2 
117.0 

118.8 

HEAT  or ..'ATION. 

70 

233.091030'0.31690140!  4.50751992  63 .98 
126.0 

.-sr,  n 

584.3 
583.6 

582.9 

581.5 

580.8 
580.1 
579.4 

578.7 
578.0 
577.3 

576.6 
575.9 

575.2 

574.5 
573.8 
573.1 

572.4 
571.8 
571.1 

570.4 
569.7 
569.0 

568.3 

567.6 
566.9 

566.2 
565.5 
564.8 

564.1 
563.4 
562.7 

562.0 
561.3 

560.6 

559.9 
559  2 
558.5 

557.9 

inr.2  '» inr.i  c, 1050.3 

1049.0 

1(147  s 
1046.6 

1045.4 
1044.2 
1042.9 

1041 .7 
1040.4 
1039 .2 

1037.9 
1036.7 
1035.4 

1034.1 
1032.9 
1031 .6 

1030.5 
1029.2 
1027.9 

1026.7 
1025.4 
1024.2 

1022.9 
1021 .7 
1020.4 

:  gri\  \- TUMA&WOBK. 

551.2 
;,-,()  4 

549.6 

548.8 .vis  I 
547.3 

546.5 
545.7 
544.9 

544.1 543.3 
542.5 

541.7 
540.9 
540.1 

539.3 
538.5 
537.7 

537  0 
536.3 

535.5 

534.6 
533.8 
533.0 

532.2 
531.5 

530  s 
1019.2  530.0 
1017.9  529.2 
1016.6  528.4 

1015.3  527.6 
1014.1  526.8 
1012.9  526.0 

1011.7 
1010.4 
1009.2 

1007.8 
1006.6 
1005.3 

1004.1 

525.1 
524.3 
523.5 

522. 
521.9 
521.1 

520.5 

0.7 

989.2 

987.8 9.4 

985.0 

983.6 
982.2 '..SO  '.» 

ur
e.
 

: 

87.8 
89  6 
91  4 

93  2 
95  0 

96  8 

98.6 
100  4 
102.2 

979.5  1040 
978.1  1105  8 
976.6  107.6 

975.2 
973.7 
972.3 

970.9 
968  X) 

966.7 
965.3 
963.9 

962.4 961  0 
959.5 

958.1 
956.7 
955.3 

953.8 

952.4 950.9 

949.5 

H4s  0 946.7 

945.2 
943.8 
942.4 

940.9 
939.5 
938.0 

936.7 

109  4 
111  2 
113  0 
114.8 
116  6 
118.4 

120  2 

122  0 123  8 

125  6 
127  4 

129  2 

131  0 
132  8 
134  6 

136  4 
138  2 140  0 

141  8 
143  6 
145.4 

147  2 
149  0 
150  8 

152  6 
154  4 
156  2 

158  0 
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34  9   62  7   0  1463 
35  0   62  y 

46     35  1    63   1    0  1526 

35  5   63  7 

35  7    64  1 

10.55 

i  :.<•«:  10 

,;:, 

°»s 

— ,. 

09479] 

09921 

0  1356 

6.l«ng 

0  1543- 

0.1610*; 
11  :>>'^ 

0  174971 

1  >.  M 

"  !  ''"'.\ ,  :,,,^ 

0002706...  966 

0  002849*?  100  4 
0.008000}^  102  2 

0  003157.*,  104  0 
0  003321  IT  106  8 

O.OOS492  ̂   107  6 

0004912^.  120  2 

0.005147*2  122  ° 
0  005391^  123  8 

0.006660,*.  126  6 

0  OOW17*JJ  127  4 

0006192^*  129  2 

0.006485  I  131  0 
0  006784^  132  8 

0.007092^  134  6 

1680 



56 
SATURATED    STEAM— TABLE  III. 

PKBMURB. 

71 
72 
73 

M3.J9 
25407 

)Mg 

74  276  62 
75  288.51 
76  300.83 

77  313.59 
78  326.80 
79  340.48 

80  354 .63 

1415 

1464 

M 
I)  .vi.r.M 

o  :M.VM 
0.36050 

0.37609, 
o.; 

1453 
1506 
1550 

0.42636 
0.44433 
0.46293 

0.48217 
(i  :,<  120.1 

..Q. 
™ 

}^ 

^ 
0.52264 

81  369.27 
82  384.41 

83  400.08.6]1g  0.54395™ 

84  416.27^0.565982J03 

85  433 .OlJJjJ  0.588702272 

4  7l"'"'W,i 
491322141 
512732220 

685782831 

7  14092928 7.4337^ 

8.0499— 
8.3730 

!"34tt 
97  681.93 

'2524 

98  707. 17^ 

99  733. 192®
02 

100   760  .^J
W 

0.89M8?JSl2'.714j5° O.W15;gJl3.187jg 

13675 

101  7^7 

102  >> 

103  M.-i 

104  -7.-, 
105  906.u-.g 
106  937. 93^ 

107  970.7  ̂  
108  1004 .4rjl 
109  1039.1!^ 

110  1074. 7^ 

.0707 

14:»n 

.27S2 

1  .3198 
1.3656 
I.4129 

408 

421 
433 
446 

458 in 

1.4612 

15.229 

15.77i 16.341 

16.923 
17  .i 
18.137 

582 

598 

»;:M
' 

.AM 

19  .423 

498 

20  0-..4 
M 

571 

HEAT  or 
TUB  LIQUID. 

HEAT  or 
V  A  IM  .!(  17.  ATI.  >N  . 

HEAT  1 

IJCNT  . 
TBBNAL  WOBJC  . 

I | P 

a | 
P 

5 i P 

S 

127.8 
129.6 
131.4 

1002.9 
1001.6 
1000.4 

70.98 
71.99 
72.99 

557.2 
556.5 
555.8 

519.7 
518.9 
518.1 

935.3 

W2  4 

159  8 
161  6 

163  4 

73.99 
74.99 
76.00 

133.2 
135.0 
136.8 

555.1 

554.4 553.7 

999.1 
(|<!~    () 

006  f. 

517.3 
516.5 
515.7 

931.0 

!<2X  2 
166  2 
167  0 
168  8 

77.00 
78.00 
79.01 

138.6 
140.4 
142.2 

553.0 
552.3 

551.6 

inM  2 
992.9 

514.8 
514.0 
513.2 

!«•!:!  4 

923.9 

170  6 

172  4 
174  2 

80.01 
81.02 
82.02 

144.0 
145.8 
147.6 

550.9 
550.2 
549.5 

'.'Ml     f, 

its:*  .1 
512.5 
511.7 
510.9 

922.5 

921.1 
919.6 

176  0 
177  8 
179  6 

83.03 
84.03 

85.04 

149.4 
151.2 
153.1 

548.8 
548.1 
547.4 

987.8 

985^3 

510.1 

509.3 
508.5 

918.2 
916.7 
915.3 

181  4 
183  2 

185  0 

86.04 
87.05 
88.06 

154.9 
156.7 
158.5 

546.7 
545.9 
545.2 

984.0 
982.8 
981.5 

507.7 
506.9 

506.1 

913.9 
912.5 
911.0 

186  8 

188  6 

190  4 

89.06 
90.07 
91.08 

160.3 
162.1 
163.9 

544.5 
543.9 

543.2 

980.3 
979.0 
977.8 

505.2 
504.5 
503.9 

909.6 

'.•ox  2 

906.9 

192  2 
194  0 
196  8 

92.08 
93.09 
94.10 

165.7 
167.5 
169.3 

542.5 
541.8 

541.1 

976.6 
975.2 
974.0 

503.1 
502.2 

501.4 

905.5 

904.0 
902.6 

197  6 

199  4 
201  2 

95.11 
96.12 

97.12 

171.2 
173.0 
174.8 

540.4 
539.7 
539.0 

972.7 
971.4 
970.1 

500.6 499.8 
499.0 

901.2 
B09.7 
898.3 

203  0 
204  8 

206  6 

98.13 
'.n   14 

100.2 

176.6 
178.5 
180.3 

538.3 
537.6 
536.8 

969.0 
967.6 
966.3 

498.4 
497.5 
496.6 

896.9 

895.4 893.9 

208  4 
210  2 
212  0 

101.2 
102.2 
103.2 

182.1 
183.9 
185.7 

536.1 
535.4 
534.7 

965.0 %:<  7 

962.5 

495.8 
494.9 
494.1 

892.5 891.0 

889.6 

213  8 
215  6 
217  4 

104.2 
105.2 
106.2 

187.6 
189.4 
191.2 

534.0 
533.3 
532.6 

961.1 

'("'(   M 

9587 

493.4 
492.6 
491.8 

888.0 
B86.7 
885.3 

219  2 
221  0 

222  8 

107.2 
108.2 
109.3 

193.0 
194.8 
196.7 

531.9 
531.2 

530.4 

957.4 
!0f,  2 
954.8 

491.0 
490.3 

489.5 

883.9 
B82.6 
881.1 

224  6 

226  4 
228  2 

110.3 198.5 529.8 953.6 488.8 879.7 230  0 
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S7 

I; 

71 
72 
73 

74 
76 
76 

77 
78 
79 

80 
81 

8G 
87 

80 
90 
91 

92 
93 
94 

95 
9G 
97 

98 
99 

100 

101 
102 
103 

104 
105 
106 

107 
108 
109 

110 

I 
n 37 
37 

37 
M 

is  .' is  i 

.is  4 

is  4 

is  ' 

is  ,' 

is  s 

.is  -, 

H  « H  i 
M  : 
H 

H  4 
H  4 

H 
.i-.«  7 

:JM  s 
:i-.i  '.. 
40  ( 

4«.  . 
4»  i 

40  4 
40  5 
40  6 

40.6 
40  7 

40  s 

40  -., 411  | 

41.0 

41  1 

676 
67  8 
679 

M.I 
68  3 
68  5 

68  6 

689 

69  1 
r,-i  .1 

69  5 

60  6 

70  0 

70.2 
70  3 
70  5 

706 
:••  s 
709 

71  1 

71  4 

71  5 

71  9 

720 

7J  .' 72  4 

726 
728 
72.9 

73  0 
732 
73  3 

73  5 
736 
738 

73.9 

0  2739 

o  .•:••,: o 
o  MM 

0.2851 
M 

,.  -.„»-, 
0  l-..-i4 0  2961 

0  3016 
0.3043 

0.3070 o  MM 

0  3125 

0  3152 
03179 ..  MM 

o 
o o  MM 

03312 
0  3339 
03365 

6126 

1797 

5477 

5414 
5351 

BM 
1161 
5103 

5042 
6M1 
•ft 

4861 
M01 

.4682 
4/.J  : 

.4564 

4506 
MM 
MM 

4333 
Mil 
.4219 

.4162 
U06 
4051 

3996 
04J i  MM 

1.3831 

475 300, [191 

17', 

•• 
406 

117 
040. 
M9 

822107
 

"1"J 

4  i 

1917« 

-' 

... 71954 

„„•,;• 61 

•   8 

1  201. 

-- 
''"  ""  ',j 

.   .         .      "    "  ' 

5057J 

48  70 

178 

:»:.' 

4356 
4200 
40  51 1  V, 

I4'J 

144 

N  > 

35  10 

•  s> 
31  59 
30  51 

M   47 

1M in 
ill 

IM 
UN 

:: 

H    ̂7 

22  61 
II 

m 

03168 
0  3544] 

0  3676 
o   014 

0  4100 

0  4250 
0  4403 

0  4564 
0  4728 
Q  MM 

138 

140 
146 

150 153 
161 

164 
in 
176 

05071I7g 

I  -.:;•• 0  5435  * 

058172 

06006}JJ 

o  MM 

965 

0  01287.. 
OOI34flg 
001396JJ 

001452.. 

0  01510*T 

0  01571JJ 

001633.. 

001698J* 
0  017652* 

OOIM470 

001904™ 

0  01977JJ 

om 

0  MM    ' 

•ssg 

1  MMI  . 

OOM54** 
002749?* 

100 

103 105 

109 
003166... 

003278" 

003393}}* 

003511 

0.03631 •Jim 

o 
0 
0041 
<>  MMI 

004423 

142 

144 145 

o  *«;\'* 
0.04873 154 162 .1  MMI 

1598 
161  6 
163  4 

165  2 
167  0 
168  8 

170  6 
172  4 
174  2 

1760 177  8 
179  6 

181  4 
183  2 
185  0 

186  8 
188  6 

1904 

192.2 
194  0 
195  8 

197  6 IS'J  4. 

201  2 

203  0 
9048 

Ml 
2084 
210  2 

212  0 

213  8 
215  6 

217  4 

219  2 
221  0 

222  8 

165 



SATURATED    STEAM     TABLE  III. 

PUMUKB. 

111 
112 
113 

117 
118 

120 
121 
122 

123 
124 
125 

126 
127 
128 

129 
130 
131 

132 
133 
134 

135 
130 
1C7 

138 
139 
140 

141 
K2 

144 
146 
146 

147 
148 
149 

160 

1111 

1187.9^  1.6151- 
114    1227.  7 

4.0 4° 
115    1268. 7TJX 

118^310. 7™ 

i  oon 
i 
i 

1353.9 
1300 

s 
«  -'^ 

455 1  901l! 

119    ,443.8-  1.9630^ 

1400  I, 
1*38  K 

2  noo 

i, 
1638.  3 

laoo 

,ia '1 

1743. 

- 
S532, 

-'!    4'.r..V,,, 

8t«I2J 
»-«SJ 

,    -.,.,7'.'2 H 

26.1 

27. 

27 

H 

2  22747Q4  31.681  ̂  

2.297S7?4  32.683  °S 

2.3701™  33.711  g28 

!7"7 
1853. 7rXX  2. 

1911. ( 

2.44437ftn 

2154. 
2219.5 

'-,47 

Q63 
870 

853 
2423. *7.0 
2494.4^ 

2641. 

2717.9- 

'879 

a  U1  •",„]•> 

3. 1078™ 3  *J>6 

3.39149*8 
3.4904.m, 

3  5916  "Ji 

3.6953  "J' 

UBAT  or 
TUB  LIQUID. 

111  3 
112.3 
113.3 

114  3 

115.3 
116.4 

117.4 
118.4 
119.4 

120.4 
121.4 
122.5 

123.5 
124.5 

125.5 

34.766.  AQ1  126.5 35.847!  Vn! 
gee  1.108  .2«  fi 
yoo.   .  or  1*0- o 

n  DM 
39.255 

).445 

41.670 
42.921 
44.203 

45.515 
46.860 
48. 237 

1.165 

L225 

1. 
1. 

1.312 

49.645. 
51.085} 

52.56 

2795. 97Q8 

ww  ~:', 
2957.3™ 

3040.8ftMI, 

3126. 1~*  4. 
3213  3892  4 

J911 

1.51 

3.8015^54.07 
3AAQO1UO0  EC     *1      I  • .  Wtfo.  ,  in  00.  Ol    . 

U32 

3302. 

3486. 

t  MOO 
4.6142 
4.7408 

4.8701 

1293 

1322 

57.19 

58.80 
60.45 
62.14 

63.86 

OB  •;:{ 
67.43 

1.61 

1.65 
1.69 

1.72 

1.77 
1.80 

1.84 

129.6 
130.6 
131.6 

132.6 
133.7 
134.7 

135.7 
136.7 

137.7 

138.8 

139.8 
140.8 

141.8 
142.8 
143.9 

144.9 
145.9 
146.9 

148.0 
149.0 

150.0 

151.0 

•JIM)  :< 

2112  l 

203.9 

205.8 

207  6 
209.4 

211.2 
213.0 

214.9 

216.7 
218.5 

220.4 

222.2 
224.1 
225.9 

227.7 

229.5 
231.4 

233.3 
235.1 

236.9 

238.7 
240.6 
242.4 

244.2 
246.0 

247.9 

249.7 
251.6 

253.4 

255.3 
257.1 

259.0 

260.8 
262.7 

264.5 

266.4 

270^1 

271.9 

HEAT  or 
VAPORIZATION 

-,2'«  1 

527^7 

527.0 
526.3 

525.5 

524.8 

524.1 
523.4 

522.7 
522.0 
521.2 

520.5 
519.8 
519.1 

518.4 
517.6 
516.9 

516.2 

515.6 
514.9 

514.2 
513.5 
512.8 

512.1 

511.4 
510.7 

510.0 
509.2 

508.6 

507.9 

507.0 
506.2 

505.5 
504.8 
504.1 

503.3 

502.6 
501.9 

501.3 

^•2  :\ '.«.-,  i  i 

949.8 

948.5 

947.2 
945.9 

944.5 
943.3 

942.2 

940.9 

939.6 
938.2 

937.0 
935.7 

934.4 

933.2 

931.8 
930.6 

929.3 
928.1 
926.8 

925.5 

924.2 
922.9 

921.6 

920.2 
919.0 

917.6 
916.5 

915.2 

913.8 
912.6 

911.2 

910.0 <.«ix  r, 

907.3 

906.2 
904.8 
903.6 

902.2 

HEAT  Kgi-iVA- I.ENT  or  IN- 
TBRMAL  WORK. 

4xx  (| 
4x7  2 

486.5 

485.6 

4X4  x 484.0 

483.2 
482.4 
481.7 

480.9 4xi)  2 

479.3 

478.5 
477.7 

476.9 

476.2 
475.3 
474.5 

473.7 
473.0 

472.3 

471.5 
470.6 
469.8 

469.1 

468.2 
467.4 

466.6 
465.8 

465.0 

464.2 

463.4 
462.6 

461.8 
461.0 
460.2 

459.4 
458.7 

457.9 

457.1 

D 
H 

oa 

p 

878.3 877.0 

875.4 

874.0 
872.6 

871.2 

869.7 

M',7   0 

865.6 

Shi  2 

862.7 

861.2 
859.8 

858.4 

857.0 

855.5 

854.2 

852.8 
851.4 
850.0 

848.6 
847.0 
845.6 

844.2 
842.7 
841.3 

839.8 

838.5 
837.1 

835.6 
834.2 

832.8 

831.4 
829.9 
828.5 

827.2 
825.7 
824.3 

822.8 



132  4J  s 
133  4J  " 
134  4  i  ii 
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151 
152 
153 

154 
155 
156 

157 
158 
150 

160 
161 
162 

163 
164 
165 

166 
167 
168 

169 
170 
171 

172 
173 
174 

175 
176 
177 

178 
179 
180 

181 
182 
183 

3679  J 

ira  4 m 

2So105
7 4196.9 

4307.1 
4419.5 

107" 1102 

1124 

4651.'! 
4770.9 
4892.7 

5017, 

28 
1243 

Mil', B53B 

5676 

5816. 
5959 
6104  j 

6251 
MH2 
6666 

134 
137 
140 

151 
153 
157 

S87l 

7K*s. m*\ 
175 

7712 
7889 

183 

184  8253. fl- 

185  8440 8{ 

186  8631J9* 
187  8824  87 

188  9021  J97 
180;  928™ 

100  19426^ 

.1  MM 

5.1373 
I860 

5.4157 

5.7061 

.435 

4r 
1$ 

71.15.  Q2 

73 -07  I'M 

75.032:|* 

77. 

2 

6.3241 

6 

. 

7 7  . 

lfi24 ' 

16gg 

89.95 
QO 

94 94. 

*  • 

36 
24() 

1793 

1821 7.3485 
7.5306 
7.7169 

7.9074 
8.1007 8.2990199? 

8.4987™,, 8  70402081 
8  91212130 

9.1251 
L'lMH 

100M°22
* 

10'24723
8 

10.48524 

10  5s2 10972249 

11.221 
11.476 
11.735 

11.997 
12.265 
12.538 

255 
259 
262 

268 
273 
277 

101 .97 

104 .52 
107.11 
109. 

2.55 

2.71 

112.47 
115.22 

12.84 

129.79,  nQ 

132.87^  "o 
136.003;j3 
139.19 
142.44 3.25 

149.13 
152.56 3.43 3.50 

"3.54 

22: 

170.64 
174.45 

182.27 

3.81 
3.89 

'3.93 

4.01 

HEAT  or 
TIIB  LIQUID. 

152.1 
153.1 
154.1 

155.1 
156.2 
157.2 

158.2 
159.3 
160.3 

161.3 
162.3 
163.4 

164.4 
165.4 
166.5 

167.5 
168.5 
169.5 

170.6 
171.6 
172.6 

173.7 
174.7 
175.7 

176.8 
177.8 
178.8 

179.9 
180.9 
181.9 

183.0 
184.0 
185.0 

186.1 
187.1 
188.1 

189.2 
190.2 
191.2 

192.3 

i?7:t  s 275.6 
277.4 

279.2 
281.1 
283.0 

284.8 

IN',  7 288.5 
L".M)  4 

292.2 
294.1 

295.9 
297.7 
299.6 

301'.5 

303.3 
305.1 

307.0 
308.9 
310.7 

312.6 
314.5 
316.3 

318.2 
320.0 
321.8 

323.7 
325.6 
327.5 

329.3 
331.2 
333.0 

334.9 
336.8 
338.6 

340.5 
342.4 
344.2 

346.1 

HEAT  or 
ATION 

1BA1    l.vjt  i\  \- UCNT  or  IN- IT.  KV  A  I.  \VOHK 

.100  r, 4'".)  s 

499.1 

498.2 
497.6 
496.9 

496.1 
495.4 
494.7 

494.0 
493.2 
492.5 

491.8 
491.0 
490.3 

489.6 
488.9 
488.1 

487.4 
486.8 
486.1 

485.3 
484.6 
483.8 

483.1 
482.4 
481.6 

480.9 
480.2 
479.5 

478.7 
478.0 
477.2 

476.5 
475.8 
475.1 

474.3 
473.6 
492.9 

472.2 

<mo  9 

S'i'»    fi 

888 .4 

897.0 
895.7 
894.4 

893.0 S91    S 

890.4 

889.1 
887  J 
886.6 

885.2 SV<  9 

882.7 

881.4 
880.1 
878.8 

877.4 
876.1 
874.9 

873.6 
872.3 
870.9 

869.6 
888  J 
867.0 

865.7 

M-,4.4 

863.0 

861.7 Sf>0.4 

859.1 

857.8 s.io,i 

855.2 

853.8 
852.6 
851.2 

849.9 

4.1rt  :t 

455.5 

454.7 

453.9 
453.1 
452.4 

451.5 
450.7 
449.9 

449.1 
448.2 
447.5 

446.8 
445.9 
445.1 

444.3 
443.6 
442.8 

442.0 
441.2 
440.4 

439.6 
438.9 
438.1 

437.2 
436.5 
435.7 

435.0 
434.1 
433.4 

432.5 
431.8 

430.9 

430.2 
429.3 
428.6 

427.7 

427.0 
426.3 

425.5 

Decree*  
F 

821 .4  303  8 
820.0  305  6 
818.5  307  4 

817.0 

815.6 
814.1 

812.7 
811.3 

SO'.I   S 

309  2 
311  0 
312  8 

314  6 
316  4 
318  2 

808.3  320  0 
806.9  321  8 
805.5  323  6 

804.1  325  4 
802.6  327  2 
801.3  329  0 

709  .S 798.5 
797.0 

330  8 
332  6 

334.4 

795 .6  '  336 .2 
794.1  338.0 
792.8  339.8 

791.3  341  6 
790.0  343.4 
788.4  345  2 

787.0  347  0 
785.61348  8 
784.2  350  6 

782.8  352  4 
781.4  354  2 
779.9  356  0 

778.5 

777.1 
775.7 

357  8 
359.6 

361  4 

774  3  363  2 
772.9  365  0 
771.5  366  8 

770.0  368.6 

768 .7]  370  4 767.2  372  2 

765.8 374.0 
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! 
161 
162 
163  44  4 

154 
166    44  6 
166    44  6 

167 
168 

:••  '• 797 
79  .8 

800 MI  l 
s«.    J 

804 
so  7 

; 

1G3 
1G4 
186 

166 
167 

1G9 
170 
171 

45  1 
45.2 
45  3 

453 

45  4 

455 
45  6 
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173 
174 

178 
176 
177 
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179 
180 

45.8 

45.9 
4'',   n 
480 

48  1 
48  2 
4'-,   J 

181    483 
182 
183 

185 
186 

187 
188 
189 

4'.    5 

484 

484 
465 
48  5 

486 
4.-,  f, 
4'.  ; 

190    46  8 

-I  .' 

81  4 

81  5 
81  6 
81.8 

81.9 
sj  n 

82.1 

s.'  4 

^J  '•• 82.7 
828 

82.9 
si   n 

83.1 

83.2 

s<    '{ 83.4 

83.6 
si    f, 

83.7 

838 
sv    '.. 
840 

84.1 

.»   44-' 

M   44',  : 

0 

0  452.S 
0 

04573 
0 '• 

160  44  9    80  8   0 
161  45  0    80  9   0 
162  45  1 

0  4739 
04783 

04788 
.1 

0 

ma 

4-7J 

0 

i.    -'..is 
0  5041 

0.5084 u  1087 

0  5110 

0.5123 
0  5148 
0.5188 

05191 
•  •  -..•:» 
0  5246 

..  8J81 

0  5314 

n     ',      i 

18*1 

.1789 
L8M 

.1681 

1837 

IV", 1580 

1407 

i  ;M 
1321 

1278 

I.-.'. 1194 

1162 
1110 

60MI4Q 

*  MI!! 

I   7' 7 

'.   V,!Js. 

11  •<-••.: 

1027   0  2485.. 
0  2410 

144 

141 

i 
4 4  mt 

4  753 
4  842 

•;:: 

'116 

11! 

107 

;<- 

1.0198 

25I051 

m 
JM7-. 

-•  '.-::. 

"5g 

!  ''-I; 

3214™ 

-:S 

••  SrH 

i  m 

4  m  , 

4  :4.'
- 

<-•".:! 

4  m 

4.537 

101 

100 101 
4    ''     4 

4  742 

4  H-, 

4.950 
5  081 
5  171 

Mi 

105 

11! 
110 
112 ftn 

•  *  • . . 

r     CitllO 

5  513118 

5  631 
5  750 
i  m 

6.124 

119 

12-.' 

127 

m 

f!33 

1  !777u 

I  >.:  ! 
I  lin 

309  2 

311  0 
312  8 

314  6 
316  4 
318  2 

341  6 
343  4 

346  2 

3470 
3488 
360  6 

357  8 
359  G 
361  4 

374  0 
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T HEAT  or 

HEAT  OF         lb*'  1^'.'v^
 

I
]
 

r™**0"4* THE  LIQUID VAPORUATION. 
UCNT  OF   1N- TBRNAL  WORK. 

(
1
 

js ,& 
Jili! 

|Ji 

| D 

S 1 ffl | 
D 
H 
a 
i 

H 
1 

f» 

J 
* f 1 r r P f 

| 

191 

W332n 13.097^ 
IV,  2S  , 

193.3 347.9 471.5 848.6 424.8 
764.4 375  8 

192 9844 1«3  •*'*^OQI    1  *HJ  .  oDj    *  j 194.4 349.8 470.7 847.1 423.9 763.0 
377.6 193 

10058218 
13.«W™194.50«» 

195.4 351.7 470.0 845.9 423.2 
761.6 379  4 

194 10276^. 13  .972 198.72.  ̂  196.4 353.5 469.2 844.7 422.4   760.3    381  2 
196 IMM^E 

14  273^5] jn.S  in     % 197.5 355.4 468.5 843.4 421.6    758.9 383  0 
196 

107242» 14  .SSI.,.. 

207  .384  ;43 

198.5 357.3 467.8 842.0 757.4 384  8 

197 
198 
199 

mS233 
1142423

* 

14.89237211.81450 
15.209^216  silrr 
15.533^220.92:  Ji 

199.5 
200.6 
201.6 

•359  .2 

361.1 
362.9 

467.1 
466.3 

465.6 

840.7 
839.4 
S3S  0 

420  0    756.1 754  .6 

418.4    753.2 

386  6 

388  4 
390  2 240 •>-'"                4  .04 

200 11664 15.859,^255.56.  71 202  7 364.8 464.8  836.7 417.6 751.8 392.0 
201 

1  ]'*(N        ' 16.193^230.304  it 
20?  .7  366.7 464.1    835.5 417.0 

750.5 393  8 
202 

12158^ 
16.53033J  235.11^ 

204.7 368.5 463.4   834.1 416.3 749.1 
396  6 

203 
204 

12411  257 12668262 
16.875348240.004Q7 
17  .223,!r  244  .97:  Xl 

205.8 
206.8 

370.4 
372.3 

462.6 
461.9 

832.7 
831.4 

415.4 
414.7 

747.7 

746.4 
397.4 

399  2 206 
12930265 

17  .580,?'  250  .03?  ,* o59              5.12 
207.9 374.1 461.1 830.1 413.8 745.0 

401  0 
206 13195 

17.939,Afl'255.15R  00 
208.9 376.0 460.4   828.8 413.1 743.6 402  8 

207 13465 
18.307^260.37?'^ 

210.0 377.9 459.6   827.5 412.3 742.2 404.6 
208 !•)/  wt/riMfY 

18.679^265.67?^" 
211.0 379.8 458.9   826.1 411.6 740.9 406  4 279 379             5  .40 

209 
210 
211 

14018 14301^ 19.058      '271.07. 
19  .442^!,  276  .54^^ 

19.832^282.095-55 

212.0 
213.1 
214.1 

381.6 
383.5 

385.4 

458.1 
457.5 
456.7 

824.8 
823.5 
822.1 

410.7 
410.1 
409.3 

739.5 
738.1 
736.7 

408  2 
410  0 411.8 

212 14880 20.230^. 287.73-  . 215.2 387.3 456.0 820.8 
408  .6j  735.3 

413.6 
213 

1  jl77~f
'' 

20  .634:x!  293  .48^  ''* 
216.2  389.2 455.3   819.5 

407.9    734.1 415  4 
214 

15478^ 21.04341g  299.305  94 217.3 
391  .1 454.5   818.2 407.0 732.7 417.2 

216 
216 

15785, 

160961?  J 

21  .461423 

21  .884:^0 

305  .24A  , 

SIIJK-I! 
218.3 
219.3 

392.9 
394.8 

453.8 
453.1 

816.8 
815.4 

406.3 
405.5 

731.3 
729.9 

419.0 
420  8 

217 

1641  I3'5. 
22  312428  317  34°  w 46.Ol6.~f.    Oil    .O*tt*     ft. 

220.4 396.7 452.3   814.1 
404.8 728.5 422.6 321 436 0  -Zl 

218 
16732,^ 

22  748443 
323  .556  3Q 

221.4 398.5 451.6 812.7 404.0 727.2 424  4 
219 
220 iss ^:w2451 336  !26641 

222.5 
223.5 

400.4 
402.3 

450.8 
450.1 

811.4 
810.1 403.3    725.8 

402.5    724.6 

426  2 
428  0 
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191  46  § 
192  469 
1M     469 

842 

84  3 

N 

I 

i 
0.6358 
05381 

194     469   84  4  0  5326 

196      47  o    M   .',  o 
196     470   M  605470 

197 
198 
199 

200 
201 

904 
205 

20G 
207 
208 

210 
211 

212 
213 
214 

216 
216 
217 

218 
219 
220 

47  I 

47  2 

84  7 
84  7 
84  8 

n  ',-»..' 
05514 
05536 

1  0158 
1  0121 
1  0064 

1  0047 
1  0010 
09973 

.. 
0 
09862 

; 
01 

01 

0  147 

" 

23I34A 

2367* 
2  179 

2  I35JJ 

1306^1  2.092« 

6  SIS 
6. 649 
'i  7*4 

6925 

7  067 
7  210 

IM 

135 

141 

142 

143 

; 

441 

4877 
.4978 

05076 

05176 
0  5277 

101 
102 

100 

101 
105 

OS3WJ5 

05491 

05706- 

05817,M 

o.aSojj; 

0  6163 

0.628111 
O.I 

131 
m .6784 

6916 

7047  3 

.7188 141 

375  8 
ST7  6 
8794 

381  2 

3K4  H 

380  G 

390  2 

397  4 
390  2 
401  0 

402  8 
404  6 
406  4 

406  2 
410  0 
411  8 

413  6 
415  4 
417  2 

419  0 
420  8 

6 

4 
426  2 



PROPERTIES  OF  STEAM   AND   OTHER   VAPORS. 

TABLE  IV. 

SATURATED    VAPOR    OF   ETHER. 

FRENCH  UNITS. 

.1 j 

i_ 

li . i DHMttj. 

'I 

-  s_   •_ 

|H i« 
Ja- 

1 

•si 

r 

J9
 

He
at
  
eq
ui
v 

of
  

lA
t-
ri
 

Wt
af
c 

*1 

1 

Jill 

|lt 

i P Q » r 9 Apu 9 t y 1 

0 184  .39 0.00 94.00 94.00 86.45 7.55 0  .0000 1.278 0.728 0 

10 286  .83 5.32 98.44 93.12 85.37 7.75 0.01909 0.8440 1.185 10 
20 432  .78 10.70 102.78 92.08 84.13 7.95 0  .03772 0.5741 1.742 20 
30 634  .80 16.14 107.00 90.86 82.72 8.14 0  .05593 0.4013 

2.492 30 

40 907.04 21.63 111.11 89.48 81.15 8.33 0  .07374 0.2877 3.746 40 
60 1264.8 27.19 115.11 87.92 79.41 8.51 0.09117 0.2108 4.744 60 
60 1725.0 32.80 119.00 86.20 77.53 8.67 0.1083 0.1580 6.329 60 

70 2304  .9 38.48 122.78 84.30 75.49 8.81 0.1250 0.1203 8.313 
70 

80 3022  .8 44.21 126.44 82.23 73.32 8.91 0.1415 0.0932 
10.73 80 

90 3898  .3 50.00 130.00 80.00 71.03 8.97 0.1576 0.0731 
13.68 90 

100 4953  .3 55.86 133.44 77.58 68.62 8.96 0.1735 0  .0577 
17.33 100 

110 6214.6 61.77 136.78 75.01 66.13 8.88 0.1891 0  .0459 
21.79 110 

120 7719.2 67.74 140.00 72.26 63.57 8.69 0.2045 0  .0364 
27.47 120 



PROPERTIES  OF  STEAM  AND  OTHER  VAPORS. 

TABLE  V. 

SATURATED  VAPOR   OP   ALCOHOL 

rumen  ran*. 

1 
; j 

10 
90 
30 

40 
60 

70 
80 
90 

100 
110 
120 

12.70 0  00 

24  23  5  59 
44  46  11  42 

78.51  17  4- 

133. 
219.90 

Ml  j; 

541.15 
III  |] 

1189.3 

1697.6 
2367.6 
3231.7 

130  4323  0 
140  5674.6 
160  7318.4 

23.71 
30.21 

37  37 

52.11 
59.97 

68.18 
76.74 
85.67 

94.98 
104.70 
114.82 

236  5 

244  4 

IM 265 

265 
IM 

267 
IM 
171 

276.0 

Ml   < 

HI  N 

IM  r'* 

240  51 

238.29 

HI  H 

213  09 
206  03 

199.12 

IM"    si 

181.02 
171  M 

123  38    13  120  0000 32.21 

115.19    13  520  0199617  39 
22656    140200400 
22603    14480.06029 

223  44 
218  59 

197  69 

IM   '4 i  «j    i  j 

M     l'> 

164.99  16.030.2776 
159.55  16.250  3013 
154.03  16  450  3254 

14 

15  100  1014 
15  250  1223 

15  340  1435 
15.400  1650 
15  490 

183.54    15  580  2090     0  2874    3  479 

4  m 

6.477 
177  15    157102315 
17097    158602544      0 

0.1170   8  547 
0.0905  11  05 
0  0714  14  01 

0  03105 

005750  10 
0  1016  M 
0  1738  80 

40 
80 

60 
70 

80 

90 100 

110 
1*0 

130 
140 
160 
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\   1 

SATURATED    VAPOR    OF   CHLOROFORM 
!T8. 
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1 

ml 

fall 

Pi 

t 

0 

p Q 

0.00 

H r P Apu 8 • y t 

59.72 67.00 67.00 62.45 4.55 
0  .00000 2.377 0  .4207 0 

10 
20 
30 

100.47 
160.47 
247  .51 

2.33 
4.67 
7.02 

68.38 
69.75 
71.12 

66.04 
65.08 
64.10 

61.29 
60.14 
59.00 

4.75 
4.94 
5.10 

0  .00836 
0.01646 
0  .02432 

1.475 
0.9601 
0  .6437 

0.6780 
1.042 
1.554 

10 
20 
30 

40 
60 
60 

369  .26 
535  .05 
755  .44 

9.37 
11.74 
14.12 

72.50 
73.87 
75.25 

63.13 
62.13 
61.13 

57.87 
56.73 
55.60 

5.26 
5.40 
5.53 

0.03196 
0  .03940 
0  .04664 

0.4449 
0.3155 
0.2291 

2.248 
3.170 
4.356 

40 

60 
60 

70 
80 
90 

1042.1 
1407.6 
1865  .2 

16.51 
18.91 
21.32 

76.62 
78.00 
79.37 

60.11 
59.09 
58.05 

54.45 
53.31 
52.16 

5.66 
5.78 
5.89 

0  .05369 
0.06057 
0  .06729 

0.1700 
0.1286 
0.0991 

5.88 
7.78 

10.09 
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80 
90 

100 
110 
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2428  .5 
3111.0 
3925  .7 

23.74 
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82.12 
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57.01 
55.95 
54.89 

51.01 
49.84 
48.67 

6.00 

6.11 
6.22 

0  .07386 
0  .08027 
0  .08655 

0.0777 
0.0618 
0  .0500 

12.87 
16.18 
20.00 

100 
110 120 

130 
140 
160 

4885.1 
6000.2 
7280.6 

31.06 
33.52 
35.99 

84.87 
86.25 
87.62 

53.81 
52.73 
51.63 

47.48 
46.30 
45.10 

6.33 
6.43 
6.53 

0  .09270 

O.O'.ixTL' 0.10462 

0.0410 
0  .0340 
0  .0286 

24.39 
29.4 
35.0 

130 
140 160 

160 8734.2 38.47 89.00 50.53 43.90 6.63 0.11041 0  .0243 41.2 160 
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TABLK  VII 

SATURATED    VAPOR    OP   CARBOW    BISULPHIDE 

H.)  m  M  mm 

.1 
1* i« |i 

i 
l 

*I 

r 
; 
H 
L 
H : , 

i 

Uw^: 

jiii ,1
 

- 
1 P V // r f ^f« 

• • t 

0 1  27.91 0.00 90.00 90.00 

"J   7'". 

7.24 0.00000 1.766 05662 0 

10 198.46 2.36 91.42 89.06 81.58 .48 0.00847 1.177 I  MM 

10 
90 

_»,x  H 4.74 92.76 

Ml     I] 

0.01670 0.8071 

20 
30 94  01 78.97 .91 0.02472 

..  MM i  m 

30 

40 617.53 9.54 95.18 85.64 H.54 .10 
04098 

2.440 40 
60 v',7   (.7 11.96 

•.«»-,  j; s4  :n 
:«  114 

-•: 

0  04013 0.3017 3.115 60 
60 1164  5 14  41 97.28 82.87 74.45 

.42 0.04756 I  MM 4  417 60 

70 1553.1 16.86 98.20 81.34 72.78 .56 i  mm 0.17M 5.794 
70 

60 2032.5 19.34 99.04 7"  7n 71.03 
.67 006192 0  1338 

80 
90 2619.1 21.83 99.80 77.97 .77 

0.06886 0  1052 9  51 90 

100 3325.2 24.34 100.48 76.14 67.29 .85 0.07566 

1  H  •: 

11.95 100 
110 4164.1 101  .07 74.21 65.31 N 

..  MM 

0  0674 14.84 110 
190 5148.8 29.40 101  58 72.18 63.24 .94 0.0549 

18.21 110 

130 6291.6 31.96 102  .01 70.05 61.09 
.96 

0.09527 0  0452 22.12 130 
140 7604.0 34.53 

n.j   N 
67.83 58.88 .95 0  0375 26.7 140 

150 9095.9 102.62 65.50 .92 0.10775 
0.0314 31.8 160 
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TABLE   VIII 

SATURATED   VAPOR   OF   CARBON   TETRACHLORIDE. 

FRF.VH    i   MT8. 

,i 
s. 

tm 

I 

|, 

I . 1 j - 

HI (jj 
-•o 

I
1
 

I 
•si 

r 
SC 

i^
 

P i 

fill
 

ill 
i " f It r P Apu 0 • Y t 

0 32.95 0.00 52.00 52.00 48.54 3.46 0  .00000 3.272 0.3056 0 

10 55.97 1.99 53.44 51.45 47.85 3.60 0.00714 2.005 0  .4987 

10 20 90.99 3.99 54.86 50.87 47.13 3.74 0.01409 1  .283 0  .7794 

20 30 142.27 6.02 56.23 50.21 46.33 3.88 0  .02087 0.8510 1.175 30 

40 214.81 8.06 57.58 49.52 45.51 4.01 0  .02749 0.5831 1.715 40 
50 314.38 10.12 58.88 48.76 44.62 4.14 0  .03396 0.4109 2.434 

50 
60 447  .43 12.20 60.16 47.96 43.69 4.25 0  .04028 0.2969 3.368 60 

70 621.15 14.30 61.40 47.10 42.75 4.35 
0  .04648 0.2192 4.562 70 

80 843.29 16.42 62.60 46.18 41.74 4.44 0  .04255 0.1650 6.061 

80 90 1122.3 18.55 63.77 45.22 40.50 4.72 0  .05849 0.1263 
7.92 

90 

100 1467.1 20.70 64.90 44.20 39.62 4.58 
0  .06432 0  .0980 10.20 

100 

110 1887  .4 22.87 66.01 43.14 38.52 4.62 0  .07006 0  .0770 12.99 
110 120 2393  .7 25.06 67.07 42.01 37.36 4.65 0  .07569 0.0611 16.37 120 

130 2996  .9 27.27 68.10 40.83 36.18 
4.65 0.08122 0  .0490 20.41 130 

140 3709.0 29.49 69.10 39.61 34.95 4.63 0  .08666 0  .0395 25.3 140 
150 4543.1 31.73 70.07 38.34 33.75 4.59 0  .09201 0.0321 31.2 150 

160 5513.1 34.00 71.00 37.00 32.47 4.53 0  .09729 0  .0262 38.2 160 
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TABLE  IX. 

SATURATED    VAPOR    OP    ACBTOff 

nuoicH  uvm. 

,; 
|h i« ii 

i 
l VI 

i1 |!i 

i, 
: 

Dwfcjr. 
1  1  1 

H" 

: 

• P t // r * Xp. • • i 1 

0 63  .S3 0.00 140.50 140.50 131  82 8  68 0.00000 4.275 0 

10 110.32 5.10 144    11 139.01 129.51 9  50 0.01831 2.686 0.1721 10 
90 in  M 1,1  ii 

147  62 137  33 10  17 0  03627 1  758 10 
30 

>..  «..*, 
15.55 151  .03 135  48 124.83 10.65 0.05389 1.187 

..  MM 

90 

40 419.35 20.89 154  33 133  44 121  39 11.05 0  07119 
..  *.--•: 

.215 40 
60 

Ml  M 

jr.  11 
157  53 119.86 11  36 

„  MHO 

715 
50 

60 31.81 160.63 128.82 11.60 0  1049 m 60 

TO 1189.9 37.39 163.62 126.23 114   43 11.80 0  1214 0  3106 m 
70 

80 1611.1 43  05 166.51 123.46 111   49 11.97 0  1376 

«.  MM 

.296 
80 

90 2140.8 48.79 169.30 120.51 108.41 12.10 0  1536 0.1773 
640 

90 

100 2796.2 54.61 171  .98 117.37 105  17 

u  M 

0.1694 0  1372 
HI 100 110 3594.3 

«-,.)  M 
114  06 101  78 

1-2   2* 

|    \*',n 

0.1076 m 
110 190 4552  .0 66.48 110  56 98.23 12.33 0.2004 0.0856 

11.68 
190 

130 5684.9 72.54 179.42 106.88 94.53 12.35 0.2156 0.0689 14.51 
190 

140 7007.6 78.67 181  .69 103  .02 90.67 12.35 0.2306 0.0561 17.83 140 
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TABLE  X 

SATURATED    VAPOR   OF   AMMONIA. 

!   N(,l  1HI    !    NITS. 

(i
 

J 1- 

J, 

j 1 

=  c| 

ii 

pi |W 
i1 

J 

i1 

H 

III 

JO
 

P i 

'Al 

wi 
* 

I-1
 

1 P • H r p Apu 0 • y t 

-40 9.93 

-79 

519 598 550 
48 -0.1737 

26.1 0  .0383 

-40 

-36 11.53 

-74 

520 594 546 48 
-0.1607 

22.6 0  .0442 

-36 

-30 
13.36 

-68 

522 590 
541 

49 -0.1482 
19.7 0  .0507 

-30 

-26 
15.40 

-63 

523 586 537 49 
-0.1354 

17.3 0.0580 

-26 

-20 17.70 

-57 

525 582 532 
50 -0.1229 

15.2 0  .0660 

-20 

-16 20.25 

-52 

526 578 528 50 
-0.1102 

13.3 0  .0750 

-16 

-10 23.10 

-46 

528 574 524 
50 -0.0982 

11.8 0  .0848 

-10 

-6 
26.25 

-41 

529 570 
519 51 

-0.0859 
10.5 0  .0956 

-6 

0 29.74 

-35 

531 566 515 51 
-0.0738 

9.32 0.108 0 

5 33.58 

-30 

532 562 511 51 

-0.0619 

8.31 0.120 6 
10 37.80 

-24 

534 558 506 
52 

-0.0501 

7.44 0.134 10 
16 42.43 

-19 

535 554 502 52 
-0.0386 

6.68 0.150 16 

20 47.49 

-13 

537 550 497 53 
-0.0271 

6.02 0.166 20 
26 53.01 

-8 

538 546 493 53 
-0.0157 

5.43 0.184 26 
30 59.01 

-2 

540 542 489 

53 

-0.0044 
4.92 0.203 

30 36 65.53 1 541 538 484 
54 

0.0067 4.46 0.225 36 
40 72.59 9 543 534 480 

54 
0.0177 4.06 0.247 

40 
46 80.21 14 544 530 475 55 0.0287 3.70 0.270 46 

60 88.44 20 546 526 471 55 0  .0395 3.38 0.296 50 
66 97.30 25 547 522 

467 

55 
0  .0502 3.09 0.323 

66 60 106.82 31 549 518 462 
56 

0  .0608 2.84 0.352 
60 

66 117.04 36 550 514 458 56 0.0713 2.61 
0.383 

66 
70 127.98 42 552 

510 454 
56 

0.0817 2.40 0.416 70 
78 139  .67 47 553 506 449 57 0.0921 2.22 0.451 76 

80 152.15 53 555 502 445 57 0.1023 2.05 0.488 80 
86 165.47 58 556 498 441 57 0.1124 1.90 0.527 

86 
90 179.64 64 

558 494 436 
58 

0.1224 1.76 0.568 90 

96 194  .70 69 559 490 432 58 0.1324 
1.63 

0.612 
96 100 210.70 75 561 486 428 58 0.1423 

1.52 
0.657 100 
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TABLE   XI 

SATURATED  VAPOR  OP  SULPHUR  DIOXIDE 

ram. 

A 
.; - 

|_
 

1 A 

ft 
1] 

P i< 
i 

,- 

llj 

r 

!, 

r- ii 

i 

..- 

$*
 IH 

1 P t // r ' AP* • • i t 

-40 
.14 

-19 

166 195 182 13 0  0632 
23  0 

0.0434 

-40 

-36 .70 

-27 

167 194 
180 

14 
-0.0584 

19  7 00507 

-J6 

-90 34 

-16 

168 193 179 14 
-0.0619 

17.0 

-30 

2fi .07 

-13 

168 191 177 14 
-0.0492 

14  7 

-» 

20 N 

-21 

169 190 176 14 
-0  0447 

12  7 i  mi 

-10 

15 .83 

-19 

170 189 175 14 
-0  0401 

11  1 0.0901 

-if 

-10 
7.88 

-17 

170 187 173 14 
-0  0357 

9  73 .103 

-10 

-6 
0.05 

-15 

171 186 172 
14 -0  0312 

8  56 
117 

-• 

0 10.35 

-13 

171 185 170 15 

-00168 

7.54 
133 

0 

5 11.81 

-11 

172 183 168 15 

-00225 

6.67 .450 1 
10 13.41 

-9 

173 182 
167 15 

-0.0181 
5  93 .169 

10 
16 15.10 

-7 

174 181 166 15 
-0.0140 

6.19 
.189 

If 90 17.15 

-5 

174 179 164 
15 

-  .0098 
.71 

.111 
10 26 19.30 

-3 

175 
178 163 15 

-  .0057 

23 
136 

16 
30 21.66 

-1 

176 177 162 15 
-  .0016 

.81 163 30 

36 24.24 1 176 175 160 15 .0014 
.43 

.191 3: 
40 27.06 3 177 174 158 16 

.0064 
10 

in 40 
46 30.12 5 177 172 156 16 0104 .81 

.356 

46 

60 33.45 7 178 171 155 16 0144 
.58 .390 60 

66 37.07 9 179 
170 154 

16 
0181 .32 

430 

66 60 40.98 11 179 168 151 16 
0221 

60 

66 4f>  .'<) 13 
180 167 

151 
16 

Otf0 .94 516 66 
70 49.75 

15 
181 166 150 

16 
.0297 

.78 .563 
70 

76 54.64 
17 

181 164 148 16 0334 .63 
614 76 

80 59.90 
19 

182 163 146 17 
0371 .50 .668 

60 86 65.54 
21 

183 162 145 17 0409 .38 

7.-, 

86 
90 

23 
183 160 143 

17 
0445 

.17 .786 90 

96 78.02 
15 

184 159 141 17 .0481 .18 0.849 96 
100 84.90 

17 
185 158 141 

17 

.0518 .09 0.917 
100 
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TABLE  XII. 

SPECIFIC   GRAVITY   AND    SPECIFIC    VOLUME   OF  LIQUIDS. 

Name  of  Liquid. Specific  Grarity,  comparer] 
at4°C. 

with  Water Specific     Volume. 
Cubic  Metere 

per  Kilo. 

Alcohol.  CJLO  . 0  .80625 
0.736 
1.527 
1  .2922 
1  .6320 
0.81 
1  .4336 

0.6364 

MendclcjrfT, 
Kopp,  1860] 
Thorpe,  1880 
Thorpe,  1880 
Thorpe,  1880 
Zander,  1882 

AmlnVtT,  IS." Andreeff,  185 

1869]     .    . 0.001240 
0.001358 
0  .000655 
0  .000774 
0.000613 
0.00123 
0  .0006981 
0.001571 

ortC4HioO     . Chloroform    
Carbon  bisulphide,  CS,  .... 
Carbon  tot  rarhloridc,  CC14  .  . 
Ace  ton,  C,H«O    

9]  :  :  :  : 
9]  .... 

•1m  r  Dioxide,  SO,    
Ammonia.  Nil,    

TABLE  XIII. 

VOLUME    OF   WATER. 

Vol.  at  4°  C.  -1. 

[Rossetti,  1871]  and  [Him,  1867]. 

Temper- 
ature. 

Volume. Temper- ature. Volurnr. Temper- ature. Volume. Temper- ature. Volume. 

10 .000253 
60 

.01691 110 .0512 
160 

1.1018 
20 .001744 70 .02256 

120 .0599 170 1.1139 

30 .00425 80 .02887 130 
.0694 

180 1.1268 

40 .00770 90 .03567 140 .0795 190 
1.1403 

50 .01195 100 .04312 150 .0903 200 1  .1544 
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.11     XIV 

CONVERSION   TABLE. 

IXCHBA  OP  MBKHTKN  r»Di  PIR  tQt'ARB  IXOH. 

1 . 3 4 6 6 7 6 • 

On*
 

1  A 

IK 

0 
1 .49 

.  ua 
0.54 

.  1U 

H 
.   Id 64 

i.    74 

:•• 

-4 

0.88 

|    . 

2 .98 1.03 .08 1.18 

i  H 

.28 
1.28 1  42 

1.52 .57 
.62 1.67 1.72 

.n 
.82 

1.87 1.91 
.96 .01 

.06 2.16 2.21 N : 

:   N 

2  41 
.46 .51 .55 .60 2.65 2.70 75 

.80 
2.8ft 2.90 

95 .00 .05 .09 14 1.19 
.24 

.29 3  34 I.  It 
.49 

.59 
.63 H 

73 
n H 3.88 

.93 .98 03 H .13 .18 .22 .27 
H 4.17 

• .41 
47 

.52 .57 .62 
67 

72 76 
.81 

4  86 
10 .91 .96 .01 06 11 .16 

26 

30 
5  IS 11 40 .45 .50 55 60 .65 

70 
75 5.8ft 

12 6.89 .94 .99 04 .09 14 
19 .24 

6.29 
6.14 

13 
f,    (•• 43 

4s 

53 
.58 63 .68 73 

f,   7* '    * 14 6.88 .93 .97 .02 .07 .12 
.17 .22 

7.27 7.11 

16 7  37 .42 7   47 
.52 .56 .61 .66 

71 7.76 7.61 
16 .86 .91 7.96 .01 

06 .10 .15 
M - 

17 .35 .40 8.45 .50 .55 .60 
.64 .69 

8.74 8.79 

18 .84 .89 8.94 
99 .04 .09 

.14 .19 
9.23 9  » 

19 .33 .38 9  43 

4s 

.53 .58 63 H 9.73 

|   77 

90 .82 .87 9.92 .97 
N  H 10.07 10.12 10  17 

:     H 

10.17 

21 10.32 10.37 10.41 10.46 10.51 10.56 10.61 
10  66 10  71 10.76 

22 10   M 
HI    xf, 

in  M 
10  95 1100 11  05 11   10 11    15 11  20 

11  25 23 11.30 11   35 11   40 11  44 11.49 11   54 11  59 11  64 
11  69 11  74 

24 11.79 11.84 11.89 11.94 11  99 12.03 

::  H 

12.13 12il8 11.13 
26 

!.'   .'> 12  33 
u   N 

12  43 

U    4x 

u  N 

12  57 

1.'  *„• 

i:  •••: 

U  7: 

26 12.77 12.82 12.87 12.92 12.97 13.02 13.07 13  11 
13.16 13.11 

27 13.26 13.31 13.36 13  41 13.46 13  51 13.56 13  61 13.66 11.70 
28 13  75 

U   s« 
il  y 13  90 13  95 1400 14  05 14    10 14   15 14.10 

29 14  24 14.29 14.39 14  44 14  49 14  54 14  59 14  64 14.08 

30 14   74 14.78 14.83 

14    ss 

14  93 

:4    N 

15.03 15.13 1ft.  18 
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TABLE  XV. 

CORRECTIVE   FACTORS    FOR    SUPERHEATED    STEAM. 

Values  of  the  factor 

Temperature, Value, 
of 

Factor. 

Temperature. Value, 
of 

Factor. 

Temperature. VfcbN 
of 

Factor. 
Fahr. Ate. Pate. Ate. Fahr. At*. 

200 659.5 0.441 335 794.5 0.216 470 929.5 0.104 
205 664.5 0.429 340 799.5 0.211 

475 934.5 0.101 
210 669.5 

0.417  , 346 804.5 0.205 
480 939.5 0.098 

216 674.5 0.405 350 809.5 0.200 485 944.5 0.095 
220 679.5 0.395 365 814.5 0.195 

490 949.5 0.092 
225 684.5 0.385 360 819.5 0.190 

495 954.5 0.090 

230 689.5 0.375 365 824.5 0.185 
600 959.5 0.087 

235 694.5 0.365 370 829.5 0.180 
605 

964.5 0.084 
240 699.5 0.356 375 834.5 0.175 

510 
969.5 0.082 

245 704.5 0.347 380 839.5 0.171 615 974.5 0.079 
250 709.5 0.338 385 844.5 0.166 

520 979.5 0.077 
255 

714 0.329 390 849.5 0.162 626 984.5 0.074 

260 719.5 0.320 395 854.5 0.158 530 989.5 0.072 
265 724.5 0.312 400 859.5 0.153 

536 
994.5 0.070 

270 729.5 0.304 405 864.5 0.149 
640 

999.5 0.067 

275 734.5 0.296 410 869.5 0.145 545 1004  .5 0.065 
230 739.5 0.288 415 874.5 0.141 660 

1009  .5 0.063 
285 

744 
0.281 420 879.5 0.138 

665 1014.5 0.061 

290 749.5 0.274 425 884.5 0.134 560 1019.5 0.059 
295 754.5 0.267 430 889.5 0.131 665 1024  .5 0.057 
300 759.5 0.260 435 894.5 0.127 570 1029  .5 0.055 

305 764.5 0.253 440 899.5 0.123 575 1034  .5 0.053 
310 769.5 0.247 445 

904.5 0.120 680 
1039  .5 0.051 

315 
774 

0.240 460 909.5 0.117 685 1044.5 0.049 

320 779.5 0.234 456 914.5 0.113 690 1049.5 0.047 
325 784.5 0.228 460 919.5 0.110 696 1054  .5 0.045 
330        789.5 0.222 465 924.5 0.107 



I  1  MI'I  KATl   Kl    !  \TROPY   TABLE. 

THIS  table  gives  the  properties  of  moist  and  of  superheated  steam  at 
each  degree  of  temperature  Fahrenheit,  and  for  each  hundredth  of  a  unit 

At  tlu-  left  hand  of  each  page  are  given  tin-  trmj*- natures  and  the  corre- 
sponding pressures  of  saturated  steam;  the  lines  across  the  tables  are, 

constant  pressure  lines,  and  for  moist  steam  are  also  **»*fffint 
tem|>erature  lines. 
The  table  is  divided  by  a  broken  line  which  corresponds  roughly  to  the 

saturation  line;  properties  to  the  left  of  that  line  are  for  moist 

to  tlie  right  are  for  -u|>crheatcd  steam. 
The  triple  i olumns  are  headed  with   the  entropy,  and  are 

entropy  lines;  they  can  be  used  for  Diving  problems  concerning  ad  ia  baric 
operations  in  a  closed  Cylinder,  and  similar  problems. 

.my  point  in  the  table,  determined  by  the  entropy  and  the  pressure 
(or  t!  ponding  temperature  of  saturated  steam),  there  are  given 
three  pr. 

(i)  The  quality,  whirh  for  moist  steam  is  the  proportion  of  a  pound 
that  is  steam,  and  for  superheated  steam  is  the  number  of  degrees  of  super- 
heati 

(a)  The  heat  contents,  or  the  number  of  thermal  units  required  to  change 
a  pound  of  water  at  freezing  into  steam  at  the  given  pressure  and  with  the 
given  quality. 

(3)    The  specific  volume  in  cubic  feet  per  pound. 

For  examples,  solved  by  aid  of  the  table,  see  page  30. 
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420 
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11 10 
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3.497 
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343 123.2 157 1273 .542 175 1282 4.645  195 

1292 
4.752 

214 1301 
.859 

342 121.5 155 1271 .590 173 1280 4.690 193 1290 4.800 
212 1300 

.909 
341 119.9 153 1270 63  S 171 

127'.) 

4.740 191 1388 
4!  850 210 

1299 

.960 

340 118.4 152 1269 .685 170 1278 
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170 
1275 5.380  189 

1284 
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1205 8.70 

.80 

1213 
8.89 

95 1221 9.10 

28653.4 48 1196 8.61 63 1204 8.81 
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276 46.26 33 1184 9.62 46 1192 9.83 60 1199 10.04 
74 

1)00 10.26 
275 45.52 
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44 1190 9.M 
58 
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72 
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270 41.95 21 1176 10.36 35 
1184 10.60 49 1191 10.80 62 1198 11.05 

•00 41  20 19 1175 in  :,n 
33 

1181 10   73 
47 

1190 
10  94 80 1197 11.19 

268 4d  > 17 1173 10.64 31 1181 10.87 45 
1188 

11.08 58 1195 
11.33 

267 39.91 15 1172 10.76 
29 

1179 
11.00 43 

1187 11  .22 
56 

1194 11   47 
Me 39.26 13 1170 

111    '.Ml 
27 1178 11.15 41 

11  SO 

11  37 
54 

1192 11.62 
265 38.60 11 1169 11.05 

25 1177 11.30 39 1184 11.52 
52 1191 

11.77 

264 37.96 10 1168 11.19 23 1175 11.45 37 1183 11.67 50 1190 11.92 
263 <7  S3 8 1167 11.33 21 1174 11.59 35 

1181 
11.81 m 1189 12.08 

262 36.71 6 1165 11.48 20 1173 11.74 33 
1180 

11.96 47 1188 12.23 

261 36.09 4 1164 11.63 18 1172 11.89 31 
1178 12.12 45 1186 12.39 

260 35.48 2 1162    11.78 
16 

1170 
12  (14 

29 
1177 

12.27 
43 

us:, 
12.56 

259 34.88 0 1161    11  93 
14 1169 12.20 27 1176 12.45 41 1183 12.72 

258 34.29 9992 1159.9 11.99 
12 

1167 12.36 
25 

1174 12.60 39 1182 
12.89 

257 33  71 9963 1158.612  17 
10 1166 

12   :>-2 

23 
1173 

12  7s 

37 
1181 13  or, 256 33.14 9972 1157.3 8 1164 12.69 

21 1172 12.96 
35 

1179 
13.24 

255 32.57 9960 1158.0 6 1163 
12.85 

20 

1171 13.14 
33 

1178 
13.42 

25432.01    9949 1154.6  12.74 4 1161 13.02 
18 

1169 
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31 1177 13  oo 253 31.46 9938 1153.4 12.94 2 1160 13.20 16 1168 13.49 
29 1176 13.79 

262 30.92 9928 11.-2    1 13.15 0 1159 13.37 14 
1167 13.66 

27 
1174 13.96 

251 1150  813.35  9993 1157.8 13.45 12 1165 13.85 
25 1172 14.16 

25029.86 9907 1149.5 13.55 9982 1156.5 13.66 10 
1164 14.05 
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14.35 
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148 

1234 
16.99 

249  29.  34 95 1208 16.10 112 1216 
16.45 

128 
1224 16.83 145 

1232 17.21 
24828.82 92 1906 16.31 109 1214 16.67 

126 1223 17.05 
143 

1231 17.45 
247 >  :ij 90 1205 16.52 107 1213 16.90 123 1221 

19.27 
140 

1229 
17.68 

246 .>7  s.> 87 1203 16.75 104 1211 17.12 120 
1219 

17.50 
137 

1227 
17.91 

24527.33 85 1909 16.98 102 1210 17.36 
118 

1218 17.74 
134 

1225 
18.15 

24426.85 82 1200 17.20 99 1208 17.59 115 1216 17.97 
132 

1224 
18.40 

24326.37 80 1198 17.44 
96 1206 

17.83 
112 1214 18.21 

129 

1222 
18.64 

24225.90 77 1196 17.69 
94 

1206 is  (.7 110 1213 is  4>; 

126 

1920 

Is   !•<) 

241. 25.44 75 1195 17.91 
91 

1203 18.31 

107 
1211 18.71 

124 

1219 19.15 

240  : 
.'4   '-s 

73 
18.16 

89 1202 18.57 
105 1210 18.96 121 

1217 

19.40 
239  24.  53 70 1192     18.40 

86 1200 
Is    V{ 

!'.»   23 119 

1216 19.88 
23824.09 68 ilf] 18.66 84 1199 

19.10 N 1206 19.50 116 
1214 19.94 

23723.66 66 1189 18.93 

81 
1197 19.35 

97 
1205 19.77 113 1212 20.20 

23823.23 63 
19  IMI 

79 1195 
!'.•  W 94 

1903 
L'O  (11 

111 1211 90.50 
23522.80 61 11M 19.46 

76 1193 19.90 
92 

1202 20.32 

108 

1209 20.78 

234  22.  39 59 1185 19.73 
74 

1192 20.19 
89 

1200 20.60 106 1208 21.06 
23321.98 56 1183 L-U  no 72 1191 

1M  4s 

87 

liw 20  <M) 

103 in  .35 
23221.57 54 ii89 20.29 69 1189 20.75 

84 

1197 21.20 
100 

1204 21.65 

23121.18 52 1180 20.59 
67 1188 21.03 

82 
1195 21.50 98 1203 21.95 

2302078      50 

117'* 

20.88 
64 

1186 21.34 

79 
1193 

21   so 

95 
1201 

22.27 
229  20.  40      47 1177 21.19 62 1185 21.65 77 1192 22.12 93 1200 22.58 



TEMPERATUHL  ENTROPY  TABLE l.M 

27646.1$ 

275  4 '.  | 27444.7S 

27344.06 
272  43.  B 
271  ; 

27041  V, 
16041.16 

9  40.66 

30.01 

I  ;.. ;>  H 
167 
•JOG 

864 
263 
262 

26136.00 
26035.46 
259   i4   ̂  

26834.90 
257  U  71 
266:i.i  14 

255  U  .',7 
26432.01 

252  i()  M 

260--  s, 

249  ."•  M 
24828.81 
24726.81 

24627.81 
245  . 
244  . 

14 

240  J4  ''s 

238  J4  .M 

237  .-{  r,r, 
23C.; 
235  .J 

234.'J 

229  Jt)   4n 

1   80 1  SI 1  S3 

1.-77 

\m 

1106 

s 

16 

H  H 
14.00 

'•     . 

;.  -    it  •• 
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228 20.02 45 1176 21.50 59 1183 21.95 74 1190 22.44 90 
1198 

22  '.10 

227 19.64 43 1174 21    s(, 57 
llxl 

22  2'< 

72 

1189 

22  7i. 

87 
1196 

10  2x 
41 22.13 

55 1180 22.60 

69 

1187 
23.09 

85 
1195 23.58 

225 18.91 38 1171 22  47 
52 

1178 22.93 

67 

1186 82 1193 
23.90 

224 18.56 36 1170 22   x,, 
50 1177 

23  27 65 

us.-, 

23  75 

so 

11  '.'2 

24.25 
223 18.21 34 1168 23.14 48 1176 23   r,0 

62 

1183 24.10 
77 

1190 
24.60 

tts 17.86 32 1167 23.50 45 1174 23  95 

60 

1182 24.45 

75 

1189 24.95 
221  17.52 30 1160 23.84 43 24   31 

57 
11  SO 24  so 

72 1187 25.31 
no 17.19 27 1164 24   20 41 1171 24.67 

55 
1178 25.18 69 1185 25.69 

219 16.86 25 1163 24.55 39 1170 25.05 
52 

1176 25.55 67 1184 26.05 
218 if,  U 23 1161 

24   "3 
36 

lifts 

25  41 
50 

1175 
25  !»2 

64 11-S2 
26  44 

217 16.21 21 1160 25.30 
34 

1166 25.80 48 1174 
2»>  30 

62 

1181 26.84 

216 15.90 19 1158 
25   f,x 32 

1165 26.20 
45 

1172 26.70 

59 

1179 27.  25 
215 15.59 17 1157 

30 
1164 

''i    Ml 

43 1171 27.10 
57 

1178 27.67 
?14 15.29 15 1156 26!  45 

28 
1163 27.00 41 1169 27.50 

54 

1176 28.10 

213 14.99 12 1154 26.85 25 
1160 27.40 38 1167 27.90 52 1174 

28.52 
212  14.70 10 1152 

27  2" 

23 
1159 

27  S5 
36 1166 

2s  35 50 1  1  73 28.05 
21114.41 8 1151 27.70 21 1158 28.30 

34 
1165 28.79 47 1171 29.40 

210  14.12 6 1150 28.14 19 1156 28.71 
32 

1163 29.23 45 1170 29.85 
209  13.84 4 1149 jx  r,o 

17 
1155 20.17 29 1161 

2'»  70 

42 1168 30.30 
208 13.57 2 1147    29.05 15 1154 29.63 

27 
1160 

30.20 

40 

1167 30.78 

207 13.29 MM 1145.1 29.26 12 1152 30.10 25 1159 30.70 38 1166 31.25 
206  13.03 0067 

1143.6 20.70 10 1150 ill.  55 22 1157 11.05 35 1164 31.72 
205 12.77 9975 1142.1 30.33 8 1149 31.05 20 1155 31.60 

33 
1162 32.20 

204 12.51 9963 1140.6 30.88 6 1147 31.50 
18 

1154 32.10 31 1161 32.70 

20312.25 0051 1139.2 31.44 4 1146 

U    00 

16 1153 
<2  60 

28 

1159 33.20 
202  12.01 9940 1137.8 32.01 2 1145 <2  55 14 1151 33.15 

26 
1158 33.75 

201 11.76 9929 32.  61 9997 1142.9 32.83 
11 

1149 33.70 24 
1156 34.30 

200  11.52 Ml? 1134.S33.20 0085 1141.433.43 9 1148 14.20 22 1155 34.85 
19911.28 9905 1133.4 33.82 9973 1139.9 34.05 7 1146 34.75 

19 

1153 35.40 

198  : 9894 1131.9 34.44 9961 1138.5 34.67 5 1145 35.30 

17 

1152 36.00 

197  10.82   9881    1130.435.08 0048 1136.935.32 3 1144 
',5  '.10 

15 1150 36.60 
196  10.60 9869 1128.9 35.73 9936 1135.4 35.98 0 1142 <6  5o 

13 
1148 37.20 

195 10.38 

;'V~'I 

1127.4 36.41 9924 1134.0 36.66 9991 
1140.5'36.91 

10 
1147 37.80 

194 10     Hi 1125.9 37.10 MU 1132.5 37  35 0070 1139.037.60 8 
1145 

<x   40 

193 9.95 08*4 1124.5 37.80 9900 1131.0 38.06 9967 1137.6 38.31 6 1144 
(0.00 

192 9.74 9822 1123.0 38.52 9888 38.78 9955 1136.0 39.04 4 1143 39.70 

191 9.53 M10 1121.5 0670 1128.039.51 9942 
1134.5 

1         1141     _       > 
190 9.33 9798 1120.1 40.00 9864 126.6 40.27 9930 40.55 

W.*7 
1139.6 

40.82 

189 9787 1118.6 40.77 9853 1125.1 41.05 9919 1131.6 41.32 9985 1138.1 41.60 

188 8.94 
'.'774 

1117.1 41.55 0840 

123  <i 
41  s:< 0006 1130.1  42.11    9972 1136  5 42.39 

187 8.75 9763 1115.7 42.35 0880 1122.1 42.64 08M 1128.6 42.92 
9960 1135.1 43.21 

186 8.56 9751 1114.2 43.18 9816 1120.6 43.47 9882 1127.1 43.76 

'•'•47 

1133.5 44.05 
185 8.37 0780 1112.7 44  02 

9805 1119.1  44.32 0870 1125.6 44.61 0035 
1132  .0 44.91 

184 8.19 9727 1111.2 44.89 9792 1117.6 45.19 9857 1124.0 45.49 OOS8 1130.5 
45.79 

183 8.01 9715 1109.7 45.77 9780 
1116.1 

16    Ox 
9846 1122.6 46.38 9911 1129.0 46.69 

182    7.84   9704    110*  246.67   9769    1114  746.98 9833    1121.147.29   9899    1127.547.60 
181    7.67    9692    1106.747.59   9757    1113.147.91    9822    1119.548.22   98S7    1  li>5.  !»  48.54 



TEMPERATURE-ENTROPY    TABLE 

tasi7 

2201;  i-.i 

1213  26  64  140 
1211  27  04  117 
1209  27  44  134 

1199  27  25 
1198  27  67 
1196  28.09 

218  Hi   V 
217  16  2 

216  13  90 
216  13  39 
214  13  29 

21314  99 
212  14  70 
211  14  41 

1190   35  60 1188   36.16 
*  70 

204  !.'  .11 

90212  01 

1178  36  55  80 
1176  37  10  78 
1174  37  65  75 

201  11  76 
20011  52 
19911  2* 

06  51 
60  49 
.16  46 

1170  35.781 
1169  36.33 
1167   36  9( 

19811  05 

19610.60 
1173 1171 
1169  39  50  67 

1168   40  14     64 
1166   40  77 
1164 

IIM   39  05 *  65 
4030 

1175   40.90 
1173    41  60 
:.::   4: 

196  10  38 

193    9.95 

1160  39.21 

1159  ™  ™ 
1157 

192  '.»  74 
191  «l  53 
190  y  U 

1149   40.501    29 

26 1147   41. »    M 

1170  43.00 
1169  43  70 
1167  44  40 

189    9   13 
188    > 
187    •>  75 

186  *  .If, 
186  >  ,J7 

184  8. 1 

182 
181    7.67.  9951 
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J 
? 

180 7.60 

MM 
1105.1 48.53 9744 1111  5 4s  M; 

MM 
1117.9 49.18 

9874 
49.51 

179 7.34 9668 11(13   7 
4'.'  4'.» 9733 1110  0 

4'»  xj 
9797 1116.4 50   15 

MM 

1122.8 

50  4s 

178 98M 1102.2 50.47 9721 1108.6 50.81 
97M 

1114.9 51.15 

MM 

1121    3 
51.48 

1777.01 

Mtf 
1100.7 51.49 9709 1107.1 51.84 

9773 
1113.4 52.18 

9838 
1119.8 52.52 

1766.86 
MM 

10-.  •'.•  '2 
:,2  ;.4 0*7 1105.5 

52  v.i 9781 1111.9 
53   1!3 9638 

1118.2 

53  5s 

1766.70 mi 
1097.7 53.59 MM 1104.0 53.94 9749 1110.4 

54.30 M13 
11  Hi  7 

54  C,H 

1746.55 nn 1096.2 54.68 9673 
1102.5 55.04 9737 1108.8 55.40 9800 in:.  :? 55.76 

1736  41 9097 
IOV4  7 

55  7'.' 
M61 1101.0 5»;  ir, 9735 1107  3 

66.53 9788 
5fi   '.Ml 172 ISM 1093.2 56.93 

Mtf 
1099.5 57.31 9713 1105.8 

57.68 9776 1112    1 

5s  Ori 

171 6.12 9573 1091.6 58.08 9636 1097.9 58.46 
9700 

1104.2 
58.85 9763 

1110.5 
59.23 

170 .-,  '.<s Ml low  1 :,'.»  us 9035 

o<ir,  4 

69.87 
MM 

1102.7 
r.o.or, 

9751 
1109.0 

till   4»i 

169 5-84 MM 1088.6 60.52 9613 1094.9 60.91 M78 
1101.2 

61.31 9739 1107.5 
61.71 

1685.71 9538 1087.1 61.78 9601 1093.4 62.18 
9664 

1099.7 
62.59 

9727 1105.9 
63.00 

1675  58 MM 10x5  r, r,3  07 9889 O'.'i    '.. 83.49 
9852 

O'.IX    1 

83.90 

'.(71.-) 
1104.4 

«H  32 

1665  45 9514 1084.1 64.38 9577 1090.3 64.81 9640 
1096.6 

65.23 

9702 
1102.8 

85.88 

1665.32 9502 1082/6 65.73 9565 088.4 66.16 
9627 

1095.0 
66.59 

MM 
1101.3 

67.02 
1645  20     9490  11081.0 67.12 9553 087.3 87.58 M15 

OM3   5 

68.00 
9877 

low  7 
fis  44 

1635.08 9478 1079.5 68.53 9541 1085.7 68.98 
9603 

1092.0 
69.43 

9665 
1098.2 ti'.i  .ss 

162 4  NO 9466 1078.0 69.99 9529 1084.2 70.44 
9591 

O'H)  4 

70.90 
9653 1096.6 71.36 1614.844 MM 1076.6 71.48 9518 

0X2.7 

71.96 
9580 

088.9 

72.42 
9843 1096.1 

72  v.< 

160 4.729 9444 1075.0 73.01 
9506 1081.2 

73.49 
9568 

1087.4 
73.97 

9630 1093.6 74  45 
1694.617 9432 1073.4 74.58 9494 1079.6 

75.07 
9555 

1085.8 
75.56 

9617 1092.0 

76.04 

1684.508   9420    1071.9 
:»-,.  i" 

9483 078.1 
78.  M 

9543 
0X4   2 

77.19 
9605 1090.4 

77  fix 

1674  400   9409    1070.4 
77.85 

9470 1076.6 
78.36 

9532 
1082.7 

78.86 
9593 1088.9 79.37 

1664.295 9397 1068.9 79.55 9458 1075.0 
80.07 

9519 
1081.2 

80.59 
9580 1087.3 

si    11 

1664.191 •886 1087.3 
M    IN 

9448 1073.4 
81.81 

9507 
1079.8 

83.34 
9588 

10x5  7 S2  S7 
1544.090 9373 1065.7 83.06 9434 1071.9 

83.60 
9495 

1078.0 

84.14 
9556 1084.2 S4  »)s 

1533.991 9361 1064.2 
84.89 

9422 1070.4 
85.44 

9483 1076.5 

85.99 
9544 1082.6 

sr,  54 

1623.894 0346 1062.7 
x»;  77 9410 088.8 

87.33 

9471 

1074  «.« 87.90 
9581 KM    0 

ss  40 

1613.799 9337 1061.1 
88.69 

9398 
1067.2 89.27 

9458 
1073.  3 

89.84 
9519 1079.4 90.42 

1603  706 9326 1059.6 90.68 
9386 1065.7 91.27 

9446 
1071.8 

91.86 
9507 1077.9 92.44 1493.615   9314    1058.0 

'..2  71 9374 
Oti4    1 «.»3   31 

9434 

070  '2 
93.91 

9494 1076.3 94.51 1483  526   9302 1056.  5 94.79 9362 1062.6 95.40 
9422 1068.7 

96.01 
9482 1074.8 96.62 

1473  439 MM 1055.0 96.89 9350 1061.0 
97.52 

9410 1067.1 

98.14 
9470 1073.  1 98.77 

1463.353 9378 1053  4 

M  <•'.' 

9338 05'.*  5 
99.73 

9398 
o«i5  5 

100.4 9458 1071.6 
101.0 

146 3.270 MM 1051.8 101.4 
9326 

1057.9 102.0 9385 
1063.9 102.7 9445 1070.0 

103.3 

144 3.188 9255 1060.3 103.7 
9314 

1056.4 104.3 
9374 

Of,2  4 

105.0 9433 1068.4 
105.7 

1433.108    9242 1048.7  106.0 9303 054  x 106.7 9381 
107.4 9431 KIM;  s 

108.1 
1423029   9231 

9290 
1053.2 109.2 

9349 3  109.9 9408 
1065.2 

110.5 

1412.953 
1402.877 

9220 
9208 

1045.7 
1044    1 

111.0 
113.6 

9279 
9387 1051.7 050  i 111.7 

114.4 

9338 
9338 

112.4 
1056.0115.1 

9397 
9885 1063.7 

ior,2  o 
113.1 115.8 

1392.804 9196 1042.5 116.3 9255 1048.5 117.1 9314 117.8 9373 
1060.5 

118.6 

1382.732 9184 1041    0 119.0 M43 1047.0 119.8 9302 120.6 9360 
1058.9 

121.3 
1372.662 '.07.' 1039.4  121.8 9331     045.3 122.6 9389 1051.3  123.4 9348 

124.1 

1362.593 9160 124.7 9219  1043.8 125.5 9277 126.3 9336 127.1 

136 9149 1036  2 127.7 9207 1042.2 128.4 9265 1048.1 129.2 
9323 1054.1 

130.1 
134 2.460   9136 1034.6130  7 9194  1040.6 131.5 9353 I04»i  5 132.4 9311 1052.4 133.2 
133 2.396   9124 1033.1  133.9 9182  1039.0134.7 9240 1044.9 135.6 9298 1050.8 

136.4 
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1150     52  40 S3  31 

1136   56.191  U       1141     67  II 
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1705  08 
1695  M 
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1120  0  62  51 

111!  | 1116  9 
11121 
1110  6 
1109.1 

1605  71 
1675  M 
1665  45 1121  666  92 

1120068  32 

1116  971  23 

1107  5 
11060 
1104  4 1110  6 

9940  1126 

9914  1123 
1C!,  I  .' 
161  I  E 
163  I  B 

K/j  »  m 
4  72V 

1115 
1112  : 

1104  4 
1102  8 

1110  577  50 
1106.970.18 
1107 
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MM  | 
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83  409690 
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83  18 
.;  .. 

-   -I 

1107  1  88.71 

;:•'.•  -  7  • 1103.9  92  73 1097  892  14  9761 

1493  615 
14H   i    BM 

1065  3100 
1063  7 

1091.3100  6  9710 
1089.8  102  9  9697 
1088.  HIM. 3  MM 

1097  4101 
1095  8101 
1094  2105 

145   i   J7u 
'  109 

1077 

'1075 

1074  0117 
1072  4 

7  9671  1092  610* 
*58  1090  9  110 
9645  1089  3113 

1066 
139.' 

1068.0116  5 

1081 
1079.5130 136  J 

1063  . 
1061  « 

1069  : 
10676116.6 

9440  1066.01 1064 

9414  1062 

:J2  5  9557  1077  9133 
1070  : 
1068.6139  Oj  953 
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Specific 

\  
olume. 132 2.333 9113 1031.5 137.1 9170 1037.4 137.9 

333| 

1043.3 138.8 3380 1049.2 139.7 
131 2  272 

'.Hill 

lt>2'.»  " I4o  :< 9169 

UB8  -x 

141.2 3316 1041   7 3374 1047  6  143.0 
130 2.212 KB 1028.3 143.7 9147 1034.2 144.6 

'.'.'04 

1040.1 145  5 3381 1046.0146.4 

129 2.153 9077 1026.8 147  3 9135 1032.7 148.3 
9192 1038.5 149.2 9250 150.1 

128 2.096 9065 
1025  '2 

150  x 9ua urn  i 1.11  s 3180 

10.™  «i 

ir.2  s 3337 153.7 
127 2  l»4(l MN 1023.6 154.5 9111 1029.5 155.5 3103 1035.3 i.™  .1 

'.1225 

1041    2 

126 1.985 9041 1022.0 158.4 9099 1027.9 159.4 9156 1033.7 
160.4 

9213 161   4 
125 
124 

1  '.».<2 
1    SMI 

9030 
9018 

1(120  5 
1018.8 

H>2  4 
166.4 

9086 
9074 1026.3 

1024.7 
K,.<  4 

167.4 

9143 
9131 

10.<2  2 

1030.5 
ir,4  4 

168.5 

3300 
9188 

123 1.829 9006 1017.3 170.5 9062 1023.  1 171.5 9119 1029.0 
172.6 

9176 173.7 
122 

1   77'.' 
8994 1015  6 174  7 9060 1021   4  175  x    HI  07 1027.3 

I70i« 
8101 

178.0 
121 1.730 MM 1014.0 179.2 9040 1019.9 180.3 3096 1025.7 

181.5 
9152 182.6 

120 1.683 8971 1012  5 183.7 9027 1018.3 
184.9 

9084 1024.  1 

186.0 
9140 

1029.9 187.2 119 

i  r,u-, 
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128 NAPERIAN   LOGARITHMS, 

f  -2.7183818  !<*<•-  0.4342945  -  M 

0 1 .      . 4 6 6 7 8 9 

1.0 0.0000 0.00992 0.0198( 0.02956 0  039220  0487fl 0.05827 0.06766 0  07696 0.08618 

1.1 
1.2 
1.3 

0.09531 
0.1823 
0.2624 

0.1044 
I     I'M.h 
0.2700 

0    1133 

(1    I'.'vs 0.2776 

0.1222 
(i  2U7II 
0.2852 

0.1310 
0.2151 
0.2927 

0.1398 «•  22:n 

0.3001 

0.1484 

0.3075 

0.  1570 

0.3148 
0  1655 

ii  24«;<i 
0.3221 (I   2.-,  4(1 (i  :<2'.t:< 

1.4 
1.6 
1.6 

0.3365 
0.  4055 
0.4700 

0.3436 
0.4121 
0.4762 

0.3507 
(i  41x7 
0.  4824 

0.3577 
0.4253 
0.4886 

0.3646 
0.4318 
0.4947 

0.3716 

0   4:ix-j 

0.5008 

0.  3784 
0.4447 
0.5068 

0.3853 

0.5128 

0.3920 
(I   4:,74 
0.5188 

(1   :<!»xx 

i)  4«',:<7 
0.5247 

1.7 
1.8 
1.9 

0.5306 
i  W78 
0.6418 

0.5365 
ii  6M3 

0.6471 

0.5423 .  5088 

0.6523 

0.5481 
i  MM.; 
0.6575 

0.5539 

i  r,(i'.s 0.  6627 
0.5596 (i  «ii:,j 
0.6678 

0.5653 

,  fvjnr, 
0.6729 

0.5710 
(i  r.j.v.i 
0.6780 

0  5766 
o  r,:u:* 
0.6831 

0.5822 
u  »;:{•;,; 
o  r.xxi 
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'30 PROPERTIES  OF  STEAM  AND  OTHER  VAPORS. 

LOGARITHMS. 

N  || 
Proportional  Part*. 

N 0 7 8 9 

10 0000 0043 MM 0128 0170 0212 0253 0294 
0334 0374 4  8  12 17  21  25 29  33  37 

11 0414 0453 0492 05.il 
0569 

0007 0645 0682 
0755 4  8  11 15  19  23 26  30  34 

12 HIM MM 
IIM',4 

MM 0934 

<!%«• 

1004 1038 
1106 

3  7  10 14   17  21 24  28  31 
13 1139 1173 

12(10 
1239 1271 

1303 
1335 1367 1399 

1430 
3  6  10 13  16  19 23  26  29 

14 1461 1492 1523 1553 1584 1614 1644 1673 1732 369 12  15  18 21   24  27 

15 1761 1790 1818 1847 1875 1903 1931 1959 19S7 2014 368 11   14  17 20  22  25 
16 2041 MM 2095 2122 2148 2175 

2201 2227 2253 2279 358 11    13   16 is    21    24 

17 2304 2330 2355 MM 2405 
2430 

2455 2480'2504|2529 257 10  12  15 17  20  22 
18 2553 2577 2601 2025 2648 2072 2695 27  is  2742 2765 257 9  12  14 16  19  21 

19 2788 2810 2833 2856 2878 2900 
2923 2945 2967 2989 247 9   11    13 16  18  20 

20 3010 
3032'3054'3075 

3096 
31  IS 

3139 3160 3181 3201 246 8  11  13 15   17   19 
21 3222 32433263|3284 3304 3324 3345 3365  3385,3404 246 8  10  12 14   16  18 
22 3424 3444  3464  3483 3502 3522 3541 3560  3579 3598 246 8  10  12 14    15    17 
23 3617 36363655 3074 3692 3711 3729 3747 3766 3784 246 7     9  11 13  15   17 
24 3802 3820 3838 3856 3874 3892 3909 3927 3945 3962 245 7    9  11 12  14   16 

25 3979 3997 4014 4031 4048 4065 4082 4099 4116 4133 235 7    9  10 12  14   15 
26 4150 4166,4183 4200 4216 4232 4249 4265 4281 

429S 
235 7    8  10 11    13   15 

27 
28 

4314 
4472 

43304346 
44874502 

4362 
4518 

4378 
4533 

4393 
4548 

4409 

4564 
4440  4456 

4579  4594  4609 
235 
235 

8    9 
8    9 

11   13   14 
11   12   14 

29 4624 4639  4654  4669 4683 
469S 

4713 4728  4742 
4757 

1  3     4 7    9 10  12   13 

30 4771 478648004814 4829 4843 4857 4871  4886 4900 
3     4 7    9 10  11    13 

31 4914 492849424955 4969 49S3 4997 5011  50245038 3     4 7     8 10  11    12 
32 5051 5065  5079  5092 5105 5119 5132 514551595172 3     4 578 9   11    12 
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iTs  Incompatibilities  in  Prescriptions.  .                                             8vo,  a  oo 
Whys  in  Pharmacy                                                                                   lamo.  i  oo 

Artistic  Technology  of  Paint*  and  Varnish   8vo,  3  oo 
Physiological  and  Pathological  Chemistry.     (Orndorff.)   8vo,  a  50 
it-book  of  Volumetric  Analysts      .                                             iamo.  a  50 

EesmtUb  of  Volumetric  Analysis                                                        ,  .mo,  i  25 

•  Qualitative  Chemical  Analysis                                                                   Kvo,  i   25 

Smith's  Lecture  Rotas  on  Chemistry  for  Dental  Students                      .  8vo,  a  50 
Spencer's  Handbook  for  Chemists  of  Beat-sugar  Rouses   i6mo,  morocco  3  oo 

Handbook  for  Cane  Sugar  Manufacturers.                           i6mo.  morocco.  3  oo 

Stockbridge's  Rocks  and  Soils,  .                                                                      8*0.  a  50 
•  TiUman's  Elementary  Lessons  in  Heat                                                           8vo.  i  50 
•  Descriptive  General  Chemistry.  .                                                                8vo»  3  oo 
TTMdwelfs  Qualitative  Analysis.     (Halt                                                         8vo,  300 

Quantitative  Analysis.     (Hall.).                                                                 8vo,  400 

Turneaure  and  Russell's  Public  Water-supplies                               8vo,  5  oo 
Van  Deventer's  Physical  Chemistry  for  Beginners.     (Boltwood.)   12 mo,  i  50 
•  Walke's  Lectures  on  Explosives. .                                                                .  .  8vo,  4  oo 
Ware's  Beet-sugar  Manufacture  and  Refining.     v<      I                         Small  8vo,  400 

Vol.  1!                         s-iLillSvo,  5  oo 

Washington's  Manual  of  the  Chemical  Analysis  of  Rocks.  .                          8vo,  a  oo 
Weaver's  Military  Explosives.  .  .                                                                      Kv... 
Wehrenlennig's  Analysis  and  Softening  of  Boiler  Feed-Water   8vo,  A  oo 
Wells's  Laboratory  Guide  in«Qualitative  Chemical  Analysis   8vo,  i  30 

Short  Course  in  Inorganic  Qualitative  Chemical  Analysis  for  Engineering 
Students.  .  .                                                                                            12 mo,  i  50 

Text-book  of  Chemical  Arithmetic  ...                                                      i  .'mo,  i  as 

Whipple's  Microscopy  of  Drinking-water                                                 8vo,  3  50 
Wilson's  Cyanide  Processes  ..                                                                             iamo,  i  50 

Chlorination  Process.  .                                                                                 izino,  i  50 

Winton's  Microscopy  of  Vegetable  Foods  .                                                        8vo,  7  5» 
Wulling's    Elementary    Course    in  Inorganic,  Pharmaceutical,  and  Medical 

Chemistry   i  amo,  a  oo 

CIVIL  ENGINEERING. 

BRIDGES    AND    ROOFS.       HYDRAULICS.       MATERIALS    OF    ENGINEERING 

RAILWAY  ENGINEERING. 

Baker's  Engineers'  Surveying  Instruments                                  iamo,  3  oo 
Bixby's  Graphical  Computing  Table   Paper  19}  •  24}  inches.  25 
Breed  and  Hosmer's  Principles  and  Practice  of  Surveying                             8vo,  3  oo 
•  Burr's  Ancient  and  Modern  Engineering  and  the  Isthmian  Canal   8vo,  3  50 
Comstock's  Field  Astronomy  for  Engineers. ...                                              8vo,  a  50 
•  CortheU's  Allowable  Pressures  on  Deep  Foundations                                   i2mo.  i  25 
Crandall's  Text-book  on  Geodesy  and  Least  Squares                                        8vo,  3  oo 
Davis's  Elevation  and  Stadia  Tables                                                 8vo,  i  oo 

Elliott's  Engineering  for  Land  Drainage.  .  .                                                     lamo,  i   50 
Practical  Farm  Drainage                                                        i  Jmo,  i  oo 

•Fiebeger's  Treatise  on  Civil  Engineering                                                           8vo.  5  oo 
Fkmer's  Phototopographic  Methods  and  Instruments.                                  8vo,  5  oo 
Fohrell's  Sewerage.     (Designing  and  Maintenance.).                                     8vo,  3  oo 
Freitag's  Architectural  Engineering,     ad  Edition,  Rewritten                       .8vo,  350 
French  and  Ives's  Stereotomy   8vo,  a  50 
Goodhue's  Municipal  Improvements.                                           i2mo,  i  50 
Gore's  Elements  of  Geodesy                                                          8*0,  2  50 
•  Haucfa  and  Rice's  Tables  of  Quantities  for  Preliminary  Estimates   I2mo,  i  25 
Hayford's  Text-book  of  Geodetic  Astronomy   8vo,  3  oo 
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Jofcaaoa's  (L.  J.)  ftartfa  by  Afeearaic  aad  GfaaMc 

MalMui**  Traatka  oa  Civil  BaciOMriac.     dtri.)    (Woo4 •a 
of 

i6mo. 

umo. 

MI  Otrii  lagiaaaring,  ...  tvo  half  laailMf  . 

Baatf*t  ToaocraahicaJ  Drawint  and  5k»Uhio«  4u>. 
RMaaTtt  Savata  aa4  tha  Bactarial  Purifleatioo  of  tawafa.  .  tvo. 

(Coraiax  *•*  Paato  »  .  .§*•. 

of  Toaocraabkal  Drawiaf.     <  McMillan.  K  . 
,  with  AapMcatfoaa  loll 

Taylor  aad  Thomaaoo**  TraaUat  oo  Coocraia.  Ptaia  and  Raicforcad. 

•  Trautwioa**  Civil  BnfinOT'i  Pockai-book  K 
Vtnabl*'*  Oartafa  CrvmatoriM  la  Aamu ,  8»o. 
Wail's  Eociaaarini  aad  Arebllactvral  Juriaaradaaca.    ,  ,  i»o. 

SO 

Webb's  ProbUms  in  the  Use  and  Adjustment  of 

>3 

Law  of  Operations  Preliminary  to  Construction  in  Eofinearinc  and  Archi- 

taCt 

Law  of 

Sunrvyioc. 

BRIDGES  AND  ROOFS. 

Bolter's  Practical  Treatise  on  the  Construction  of  Iron  Highway  Bridaws  Svo. 
Burr  and  Falk's  Influence  Unas  for  Bridca  aad  Roof  Computations.  Svo. 

Design  and  Coiiatmction  of  Metallic  Bridge*  Svo. 

Du  Bob's  Mechanics  of  Engineerinc.     Vol.  : :  MT  .11  4to.  i 
Foster's  Treatise  on  Wooden  Trestle  Bridcaa.. ... 
Fowler's  Ordinary  Foundations .  .  Svo.        50 
Greene'*  Roof  Trusses. .  .  8vo.        as 

Bndte  Trasses.  .  Svo.        50 
Arches  in  Wood.  Iron,  and  Stone  .  8vo. 

Howe's  Treatise  on  Arches,  ...  Baa, 
Daaicn  of  Simple  Roof  -tmeses  in  Wood  aad  SteaL  Svo. 
Symmetrical  Masonry  Arches. .  Svo. 

Johnson.  Bryan,  and  Turneaure's  Theory  aad  Practice  in  the  Deaifnicf  of 
Modern  Framed  Structure*  Small  4to.  10  oo 

Mtmman  and  Jacoby's  Text- book  on  Roofs  and  Bride**: 
Parti.    Stresses  in  Steals  Truaass. ...  Svo.    a  50 
Part  II.    Graphic  Statics. .  Svo.    a  50 
Part  HI.  Bridca  Damn  Svo.    a  so 
Part  IV.  Hlghsr  8tiw«.Uues  .  .  . .  Svo,    a  90 

H 



Morison's  Memphis  Bridge.    .                                                                             4to,  10  oo 
WaddeU's  De  Pontibus.  •  Pocket-book  for  Bridge  Engineers .  .  i6mo,  morocco,  a  oo 

Specifications  for  Steel  Bridie*, .                                                                ,  50 

Wright**  Designing  of  Draw-spans.     Two  part*  in  one  volume   8vo,  3  50- 

HYDRAULICS. 

Barnes's  Ic«  Format                                                                                         8vo,  300 
Bazin's  Experiments  upon  the  Contraction  of  the  Liquid  Vein  IMUUH: 

an  Orifice.     (Trautwine.)                                                           8vo,  a  oo 

Bovey's  Treatise  on  Hydraulics                                                                       .   8vo,  5  oo 
Church's  Mechanics  of  Engineering.                                                                    8vo.  6  oo 

Diagram*  of  Mean  Velocity  of  Water  in  Open  Channels                     paper,  i  50 
Hydraulic  Motors.  .                                                                                          8vo.  a  oo 

Coffin's  Graphical  Solution  of  Hydraulic  Problems.   i6mo,  morocco,  a  50 
Flather's  Dynamometers,  and  the  Measurement  of  Power.  .  .                     lamo.  3  oo 
FohrelTs  Water-supply  Engineering.       .                                                          8vo,  4  oo 

FrizeU's  Water-power                                                                                          8vo.  500 
Fuertes's  Water  and  Public  Health.  .                                                          .    i  jmo.  i  50 

Water-filtration  Works.  .                                                                          nmo.  a  50 

Ganguillet  and  Kutter's  General  Formula  for  the  Uniform  Flow  of  Water  in 
Rivers  and  Other  Channels.     (Bering  and  Trautwine.  .                8vo.  400 

Haxen's  Clean  Water  and  How  to  Get  It                                        large  I2mo.  i  So 
Filtration  of  Public  Water-supply.                                                     8vo,  3  oo 

Hazlehurst's  Towers  and  Tanks  for  Water-works.     .                                     8vo,  a  50 
HerschePs  115  Experiments  on  the  Carrying  Capacity  of  Large,  Riveted,  Metal 

Conduits. .                                                                                             8vo,  a  oo 

*  Hubbard  and  Kiersted's  Water-works  Management  and  Maintenance.     8vo.  4  co- 

Mason's  Water-supply.     (Considered  Principally  from  a  Sanitary  Standpoint.) 
8vo,  4  oo> 

Merriman's  Treatise  on  Hydraulics.  .  .                                                                 8vo,  5  oo 
*  Mtchie's  Elements  of  Analytical  Mechanics.  .  .  .                                           8vo,  4  oo 
Schuyler's  Reservoirs  for  Irrigation,   Water-power,  and   Domestic   Water- 

supply.  .                                                                                      Large  8vo,  5  oo 

*  Thomas  and  Watt's  Improvement  of  Rivers ...                                          .  4to,  6  oo 
Turneaure  and  Russell's  Public  Water-supplies                                                 8vo,  5  oo 
Wegmann's  Design  and  Construction  of  Dams,     sth  Edition,  enlarged    .  .4to,  6  oo 

Water-supply  of  the  City  of  New  York  from  1658  to  1805   4to,  10  oo 

Whipple's  Value  of  Pure  Water  Large  lamo,  i  oo 
Williams  and  Hazen's  Hydraulic  Tables.  8vo,  i  50 
Wilson's  Irrigation  Engineering    Small  8vo,  4  oo 
Wolffs  Windmill  as  a  Prime  Mover.  8vo,  3  oo 

Wood's  Turbines.  .  .  8vo,  a  50 
Elements  of  Analytical  Mechanics                                   8vo,  3  oo 

MATERIALS  OF  ENGINEERING. 

Baker's  Treatise  on  Masonry  Construction    8vo.  5  oo 
Roads  and  Pavements  8vo,  5  oo 

Black's  United  States  Public  Works    Oblong  4to,  5  oo 
'  Bovey's  Strength  of  Materials  and  Theory  of  Structures.  .  .  8vo,  7  50 
Burr's  Elasticity  and  Resistance  of  the  Materials  of  Engineering   8vo,  7  50 
Byrne's  Highway  Construction.    8vo,  5  oo 

Inspection  of  the  Materials  and  Workmanship  Employed  in  Construction. 
i6mo,  3  oo 

Church's  Mechanics  of  Engineering.  .  8vo,  6  oo 
Du  Bois's  Mechanics  of  Engineering.     Vol    I  Small  410  7  5» 
•Eckel's  Cements,  Limes,  and  Plasters.  ...    8vo,  6  oo 
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Apottodlf 

on  Testing  Materials.    (floMJig.)    »  voJa. 

HerrilTs  Stooos  for  Building  and  Decoration. .  tvo. 

Merrimao't  Mechanic,  of  Naiei  .al.  tvo. 
Stroagdi  of  Matariasi  i,mo. 

Meualf's  Steel     A  Manual  for  Steel-usei . 

Patten's  Practical  Troatiat  on  Foundations. 

Richardson'.  Modern  A.phalt  Pavement* 

Richer'.  Handbook  for  Superintendent*  of  Construction  i6m 

•  BJat'i  Clay,    Tbair  Occurrence.  Prooartia*.  aotf  Oaaa. . 

8abin§«  Industrial  and  Artutic  Ttchaolocy  of  PalnU  ar  1  Vamiah.   tvo. 
•Schwart'i  l^iiK1caf  Ptnc  In  VirKiu  F..IC-  im»r 

Smith's  MaitrUte  of  Machine*  .  i»mo. 

•vow's  Printipal  Saodos  of  Wood. .  aVo. 
»paldin«'.  llvdraulic  femenl  •  »mo. 

•  book  oo  Roads  and  Pavemrnt^  ianu>. 

Tar k>r  and  Tbompson't  Trcattw  on  Concrete.  Plain  and  Raitsforcod.  .tvo. 

Thurstoo's  Materials  of  B0«loaarinfl  j  Part.  tvo. 
Part  I.     Itoo-OMtaUc  MaUriate  o?  Encinc«rin<  and  Metalhir«y  STO. 
Part  n.     Iron  and  ftotl .  tvo. 

Part  III      A  Troatiat  on  Brass**.  Broona.  and  Othar  ADoy*  aad  thoir 

-• 

• 

• 

Tllboa's  Strott  Pare  menu  and  Pa 
Turvaaart  aad  Maarar's  Pitedataa  of 
WadoeU*.  Dt  Pontibus.    (A  Pocket-book  for  Bride*  Enfi 

SpeciAcatiom  lor  Steel  Bridie.   .          .  .. 

Wood'.  r«tia*  on  the  Resistance  of  Materiab.  and  an  Appendix  ot> 
the  Praatnration  of  Timber  tvo.    a  oo 

Wood's  ' De  V  )  Elements  of  Analytical  Mechan.  8vo.    j  oo 

Wood's  'M.  P.)  Rustless  Coatings.    Corrosion  and  Bfectrotytk  of  Iron  and 
Xrrl     .  STO.      4   00 

RAILWAY  ENGINEERING. 

Andrew's  Handbook  for  Strott  Railway  Engineers.         31 5  inches,  moyacco. 
Bera/s  Buildints  and  Structure*  of  American  Railroads 

Brook's  Handbook  of  Street  Railroad  Location. 

Butf.  Civil  Engineer's  Field-book. 
Crandall*.  Transition  Curve 

Railway  aad  Othar  Earthwork  Tables. 

Crookatt's  Mathoaa  lor  Barthwork 
Dawson's  "Encineerint"  *nd  Electric  Traction  Pocket-book 

Drodte's  History  of  the  Pennsylvania  Railroad:   ( i«  Paper.    5  oo 
Fisher's  Table  of  Cubic  Yards  Cardboard.         .•  s 

Godwin's  Railroad  Engineers'  Field-book  and  Explorers'  Guide  .  .  i6mo.  mor  .  a  50 
Hudson's  Tables  for  Calculating  the  Cubic  Contents  of  Excavations  aad  Em- 

bankments. .  .  .  »Vo.  >  oo 

Moator  and  Board's  Manual  for  Resident  Engineers. .  i6mo.  i  oo 

ftagkt'*  Field  Manual  for  Railroad  Engineer!. .  .  tomo.  morocco,  j  oo 

Philbrick's  Field  Manual  for  Engineers  lOmo.  morocco,  j  oo 



,  i6mo,  morocco,    3 

Railroad  Spiral.                                                                            i6mo,  morocco,  i  50 

Taylor's  Priamoldal  Formate  and  Earthwork. .  .                                          8vo.  z  50 
•  Trautwine's  Method  of  Calculating  the  Cube  Contents  of  Excavation*  and 

Embankment*  by  the  Aid  of  Diagram*.                                     .  .  .   8vo,  3  oo 
The  Field  Practice  of  Laying  Out  Circular  Curves  for  Railroad*. 

1 2 mo,  morocco,  a  50 

Croat  faction  Sheet .                                                                         Paper,  as 

Webb'*  Railroad  Construction                                                        i6mo,  morocco,  5  oo 
Economics  of  Railroad  Construct  i                                                 Large  12  mo,  250 

Wellington's  Economic  Theory  of  the  Location  of  Railways   Small  8vo,  5  oo 

DRAWING. 

Barr's  Kinematic*  of  Machinery                                                             8vo,  a  50 
*  Bartlett'*  Mechanical  Drawing                                                                 8vo,  3  oo 

"        Abridged  Ed.                                              8vo,  i  50 
CooHdge's  Manual  of  Drawing.                                                              8vo.  paper,  i  oo 
Coolidge  and  Freeman'*  Elements  of  General  Drafting  for  Mechanical  Engi- 

neers                         Oblong  4to,  a  50 

Darby**  Kinematic*  of  Machine*. .  .                                                              8vo,  4  oo 
Emch'c  Introduction  to  Project! ve  Geometry  and  it*  Applications   8vo,  a  50 
Hill's  Text-book  on  Shades  and  Shadow*,  and  Perspective   8vo,  a  oo 
Jamison'*  Elements  of  Mechanical  Drawing                                       8vo,  a  50 

Advanced  Mechanical  Drawing                                                   8vo,  a  oo 

Jones's  Machine  Design: 
Part  I.     Kinematics  of  Machinery. . .  .                                                     8vo,  z  50 
Part  n.     Form,  Strength,  and  Proportions  of  Parts.  .  .                         8vo,  3  oo 

MacCord's  Elements  of  Descriptive  Geometry.  ...                                           .  8vo.  3  oo 
Kinematics;  or,  Practical  Mechanism.  .                                                   8vo.  5  oo 
Mechanical  Drawing.                                                          4to.  4  oo 
Velocity  Diagrams                                                               8vo,  z  50 

MacLeod's  Descriptive  Geometry..                                                          Small  8vo,  z  50 
*  Mahan's  Descriptive  Geometry  and  Stone-cutting..                                       8vo,  z  50 

Industrial  Drawing.  (Thompson.)    8vo,  3  50 

Moyer's  Descriptive  Geometry    8vo,  a  oo 
Reed's  Topographical  Drawing  and  Sketching.  .  .                                       .  .  .410,  5  oo 
Reid's  Course  in  Mechanical  Drawing.  ...  8vo,  a  oo 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design .  8vo,  3  oo 

Robinson's  Principles  of  Mechanism.   8vo,  3  oo 
Schwamb  and  Merrill's  Elements  of  Mechanism.  .  .  8vo,  3  oo 
Smith's  (R.  S.)  Manual  of  Topographical  Drawing.  'McMillan.   8vo.  350 
Smith  'A.  W.)  and  Marx's  Machine  Design.  .  8vo,  3  oo 
*  Titsworth's  Elements  of  Mechanical  Drawing                                  Oblong  8vo,  i  as 
Warren's  Elements  of  Plane  and  Solid  Free-hand  Geometrical  Drawing,  tamo,  z  oo 

Drafting  Instruments  and  Operations   lamo,  z  as 
Manual  of  Elementary  Projection  Drawing.  .  .                                      12010,  z  50 
Manual  of  Elementary  Problems  in  the  Linear  Perspective  of  Form  and 

Shadow                                   i  amo,  z  oo 
Plane  Problems  in  Elementary  Geometry                      12010,  z  as 
Elements  of  Descriptive  Geometry,  Shadows,  and  Perspective   8vo,  3  50 
General  Problems  of  Shades  and  Shadows  .                                             8vo.  3  oo 
Elements  of  Machine  Construction  and  Drawing.  . .                               8vo,  7  50 
Problems,  Theorems,  and  Examples  in  Descriptive  Geometry   8vo,  a  so 

Weisbach's     Kinematics    and    Power    of    Transmission.        <  Hermann    and 
Kiel  i.                                                                                                              8vo,  5  oo 

Whelpley'i  Practical  Instruction  in  the  Art  of  Letter  Engraving   12010.  a  oo 
Wilson's  (H.  M.)  Topographic  Surveying                        8vo,  3  50 
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•  Rossnhen's  Electrical  Eafiaosrittf .     <  Haldane  Gee  - 
Ryan.  Iforris.  and  Hozie's  Electrical  Machinery.     VoL  L .     fro. 

in  Hrat. 

Tory  and  Ihieher't  Manual  of  Laboratory  Physics. 
UUtt'i  Mantra  Ekctrolytic  Coppar  lUflninc   

LAW. 

•  Davit's  Bfcowots  of  Law. . . 
on  th«  Miliury  Law  of  United  Suit*. 

Dudley's  Miutary  Law  and  UM  Proccdurt  ol  Courts- martial          Law  tamo. 
for  Courts- mart  1*1 

Wait's  EofftM«nn|  and  Architectural  Jurisprudence.  . 

Law  ol  Operations  Preliminary  to  Construction  in 
lecture..  . 

Law  of  Contracts. . , 

.1     !   \- 
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MANUFACTURES. 

Smokeless  Powder -Hiiro-cellulose  and  Theory  .  .lose 
Molecule.                                                                                            umo,  a  50 

'»  Iron  Founder. .                                                                                     tamo,  a  50 
The  Iron  Founder."  Supplement.  ...                                                   i  jmo,  a  50 

Encyclopedia  of  Founding  and  Dictionary  of  Foundry  Terms  Used  in  the 
Practice  of  Moulding.                                                                  tamo,  300 

•  Claassen's  Beet-sugar  Manufacture.    (Hall  and  Rolfr                                8vo,  3  oo 
•  Eckel's  Cements.  Limes,  and  Plasters                                                      .  8vo,  600 
Eissler's  Modern  High  Explosives. . .    .                                                             Hvo.  4  oo 
Effront's  Enzymes  and  their  Applications.     (Prescott.).  .  .  .                         8vo,  3  oo 
Fitzgerald's  Boston  Machinist.                                                                        tamo,  i  oo 
Ford's  Boiler  Making  for  Boiler  Makers.                                                     i8mor  i  oo 
Herrick*  Denatured  or  Industrial  Alcohol                                                     ...8vo,  4  o» 

HoOey  and  Ladd's  Analysis  of  Mixed  Paints,  Color  Pigments,  and  Varnishes. PreM.) 

Hopkins 's  Oil-chemists'  Handbook.                                                                8vo.  3  oe 
Keep's  Cast  Iron. .    .                                                                                       8vo,  a  50 
Leach's  The  Inspection  and  Analysis  of  Food  with  Special  Reference  to  State 

Control  .                                                                                      Large  8vo,  7  50 

•  McKay  and  Larsen's  Principles  and  Practice  of  Butter-making     8vo,  i  50 

Maire's  Modern  Pigments  and  their  Vehicle*.     (In  I're**.) 

Matthews's  The  Textile  Fibres,     ad  Edition,  Rewritten    .  .                             8vo,  4  oo 
Metcalf's  Steel.     A  Maunal  for  Steel-users  .                                                 i  amo,  a  oo 
Metcalfe's  Cost  of  Manufactures     And  the  Administration  of  Workshops     8vo,  5  oo 
Meyer's  Modern  Locomotive  Construction..                                                     4to,  10  oo 
Morse's  Calculations  used  in  Cane-sugar  Factories  ...              i  MHO,  morocco,  i   50 
•  Reisig's  Guide  to  Piece-dyeing  .                                                                        8vo,  25  oo 
Rice's  Concrete-block  Manufacture  .     .                                                              8vo,  a  oo 
Sabin's  Industrial  and  Artistic  Technology  of  Paints  and  Varnish   8vo,  3  oo 
Smith's  Press-working  of  Metals  ...                                                                 8vo,  3  oo 
Spalding's  Hydraulic  Cement                                                                          1 2mo,  a  oo 
Spencer's  Handbook  for  Chemists  of  Beet-sugar  Houses  .    .      i6mo.  morocco,  3  oo 

Handbook  for  Cane  Sugar  Manufacturers  .  .  .                      i6mo,  morocco,  3  oo 

Taylor  and  Thompson's  Treatise  on  Concrete,  Plain  and  Reinforced  .         8vo,  5  oo 
Thurston's  Manual  of  Steam-boilers,  their  Designs,  Construction  and  Opera- 

tion                                                                                                           8vo,  5  oo 

Ware's  Beet-sugar  Manufacture  and  Refining.     Vol.  I                       Small  8vo,  4  oo 
Vol.11.                              8vo,  500 

Weaver's  Military  Explosives                                                                             8vo,  3  oo 
West's  American  Foundry  Practice  .                                                              i  amo,  a  50 

Moulder's  Text-book                                                                i  ̂ mo,  a  50 
Wolff's  Windmill  as  a  Prime  Mover                                                     8vo,  3  oo 
Wood's  Rustless  Coatings:  Corrosion  and  Electrolysis  of  Iron  and  Steel     8vo,  4  oo 

MATHEMATICS. 

Baker's  ETUptic  Functions    8vo, 
Briggs's  Elements  of  Plane  Analytic  Geometry  .                                          i  amo,  oo 
Buchanan's  Plane  and  Spherical  Trigonometry.     (In  Prnui.) 

Compton's  Manual  of  Logarithmic  Computations  ...                                   i  2010, 
Davis's  Introduction  to  the  Logic  of  Algebra                                                   8vo. 
•  Dickson's  College  Algebra  Large 

Introduction  to  the  Theory  of  Algebraic  Equation*  Large  izmo. 

Emch's  Introduction  to  Projective  Geometry  and  its  Applications   8vo, 
Halsted's  Elements  of  Geometry  .  .  .    8vo, 

Elementary  Synthetic  Geometry  8vo, 

•  Rational  Geometry  .  .  lamo, 
19 
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W.)  Traatke  MI  Ordtaary  aad  P 

I'*  Traatlat  oa  the  tetacral  CalevJas  tamaji  •*•. 

Jobasoa's  (W.  W.)  Theory  of  Error*  aad  the  Matted  of  Loaat  ftauate*  taato. 
•  Jnhasna's  ( W.  W.)  Thaorstkal  Mechanics  taaso. 
LapUce's  PMloaopkkaJ  Essay  oa  Prohahftllrta*.    (Traacott  aad  Ea*ory.).iaa*o. 
•  Ludlow  aad  Baas.     Element,  of  Trigoaoa*etry  and  La»artl*Mk  aad  Other 
Tables  Svo. 

Lodlow's  Logarithmic  aad  Trigonometric  Tabu 
t  aad  their  Representation  bySeaoeacea  aad ! 

Bditad  by  M  inert  eld  Merrimaa  aad  Rabart 
8.  Woodward.  .  .  Octavo. 

Ho.  i.  History  of  Modern  Mathematics,  by  David  Eugene 
Ho.  a.  Synthetic  Protective  Geometry,  by  George  Bruce 
Ko.  j.  Determinants,  by   Laenas  Ci fiord 
boMc  F^tntttffii>>  by  James   McMahon.     Ho. 

tioos,  by  WtOajB  E.  Byerly.     Ho.  6.  Graaamann's  Space  Analysis. 
by  Edward  W.  Hyde.     Ho.  7.  Probability  aad  Theory  of  Error*. 
by  Robert  S,  Woodward.     Ho.  8.  Vector  Analysis  aad  Quataraiooa. 
by    Akxander    Macfarkne.     Ho.    o.   Differential    Equations,   by 
WUMam  Wookey  Johnson.     Ho.   10.  The  Solution  of  Equations. 
by  Mansfield  Merriman.     Ho.  1 1.  Function*  of  a  Compkx  Variable. 
by  Thomas  S.  Fiskc . 

Maurer's  Technical  Mechanics.  .  . 

Merriman's  Method  of  Least  Squarr 
Rica  and  Johnson's  Elementary  Treatise  on  the  Differential  Calculus.  Sot 

Differential  and  Integral  Cakulus.     a  vok.  in  oa*. . 

•  Vebkn  and  Lennes's  Introduction  to  the  Real  Infinitesimal  Analysis  of  On* 
Variable  8vo.    a 

Wood's  Ekments  of  Co-ordinate  Geometry    8vo.    a 
Trigonometry:  Analytical.  Pkne.  and  Spherical  umo.    i 

MECHANICAL  ENGINEERING. 

MATERIALS  OF  EHGIHEBRIHG.  STEAM-EHGIHES  AHD  BOILERS. 

Bacon's  Forte  Practice. ..  tamo.  150 
Baldwin's  Staam  Baatinf  for  Buildincs.  timo.  j  50 
Barr's  Kinematics  of  Machinery  8vo.  a  so 
•  Bartktfs  Mechanical  Drawing  »»<>.  3  oo 

Abridged  Ed. .  8vo.  I  so 

Banjamin's  Wrinkles  and  Recipes.  iamo.  a  oo 
Carpenter's  Experimental  Bafiaaarini      8vo.  600 

Heating  and  Ventiktinf  Buildincs    8vo.  4  oo 

Clerk'.  Gas  and  Oil  Engine.  -  Small  **o.  4  oo 
Cooldte's  Manual  of  Drawing.  .  8»o.  paper,  i  oo 

CooMdga  and  Freeman's  Ekmants  of  Geoaral  Draftinf  for  Mechanical  Rn- 
Cinrer.  Oblong  4to.  a  SO 

Cromwell's  Treatise  on  Toothed  Gearmc  tamo.  150 
Treatise  on  Belts  and  Pulkn  umo.  i  90 
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Darky's  Kinematic*  of  Machine*. .  .                                                                 8vo,  4  oo 
Flather's  Dynamometer*  and  the  Measurement  of  Power  .  .  .                    iamo,  3  oo 

Rope  Driving.                                                                                                umo,  a  oo 

Gill'*  CM  and  Fuel  Analytic  for  Engineer*                                                      tamo,  i   25 
Hall**  Car  Lubrication. .                                                                               i  >mo.  i  oo 
Batiks  Raady  Reference  Table*  (Conversion  Factor*)   16010,  morocco,  a  50 

Barton'*  The  Ga*  Enginr                                                                                    8vo,  5  oo 
Jamiaon's  Mechanical  Drawing.  ...                                                                  8vo,  a  50 
Jones's  Machine  Design: 

Part  I.     Kinematic*  of  Machinery                                                       Bvo.  i  50 
Part  II.     Form.  Strength,  and  Proportion*  of  Part*.                             8vo,  3  oo 

Kent'*  Mechanical  Engineer*'  Pocket-book                                    ,Mno.  morocco.  5  oo 
Kerr'»  Power  and  Power  Trantminion.  .                                                         8vo,  a  oo 
Leonard'*  Machine  Shop.  Tool*,  and  Method*.                                               8vo.  4  oo 
•  Lorena'*  Modern  Refrigerating  Machinery.    (Pope,  Haven,  and  Dean.) .    8vo,  4  oo 
MacCord'*  Kinematic*;  or,  Practical  Mechanism                                           8vo,  5  oo 

Mechanical  Drawing.                                                                                4to.  4  oo 
Velocity  Diagram*. .  .                                                                                  8vo,  i  50 

MacFarland's  Standard  Reduction  Factor*  for  Ga»e*.                                     8vo,  i   50 
Mahan'*  Industrial  Drawing.     (Thompson.).  ...                                             .8vo,  3  50 
Poole's  Calorific  Power  of  Fuels.  ...                                                                    8vo,  3  oo 
Reid's  Course  in  Mechanical  Drawing.  ...                                                       8vo.  a  oo 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design. 8vo,  3  oo 

Richard's  Compressed  Air                                           iamo,  i  50 
Robinson'*  Principle*  of  Mechanism.  .                                                              8vo,  3  oo 
Schwamb  and  Merrill's  Elements  of  Mechanism.  .                                         .   8vo,  3  oo 
Smith'*  (O.)  Press-working  of  Metals.  .  .                                                         8vo,  3  oo 
Smith  (A.  W.)  and  Marx's  Machine  Design.                           8vo,  3  oo 
Thurston's   Treatise    on    Friction  and    Lost    Work    in    Machinery   and    Mill 

Work                                                                                  8vo,  3  oo 
Animal  as  a  Machine  and  Prime  Motor,  and  the  Laws  of  Energetics .  i  amo,  i  oo 

Tillson's  Complete  Automobile  Instructor                                                     i6mo,  i  50 
Morocco,  a  oo 

Warren's  Elements  of  Machine  Construction  and  Drawing.  .                         8vo,  7  50 
Weisbach's    Kinematics    and    the    Power    of    Transmission.     (Herrmann — 

Klein. )                                                                                     8vo,  5  oo 

Machinery  of  Transmission  and  Governors.     (Herrmann — Klein.).   8vo,  5  oo 

Wolff's  Windmill  as  a  Prime  Mover                            8vo,  3  oo 
Wood's  Turbines.   8vo,  a  50 

MATERIALS  OF   ENGINEERING. 

*  Bovey's  Strength  of  Materials  and  Theory  of  Structures.                             8vo,  7  50 
Burr's  Elasticity  and  Resistance  of  the  Materials  of  Engineering.     6th  Edition. 

Reset                                                          8vo,  7  5<> 

Church's  Mechanics  of  Engineering                                    .  .  8vo,  6  oo 
•  Greene's  Structural  Mechanics  .                                                                        8vo,  a  50 
Johnson's  Materials  of  Construction.  ...                                                          8vo,  6  oo 
Keep's  Cast  Iron                                                                                         8vo,  a  50 
Lanza's  Applied  Mechanics.  . .                                                                           8vo.  7  50 
Martens's  Handbook  on  Testing  Materials.     '  Henninp                                    8vo,  7  50 
Maurer's  Technical  Mechanics                                                                    8vo,  4  oo 
Merriman's  Mechanics  of  Materials                                                         8vo.  5  oo 
*  Strength  of  Materials                                                                                 iamo,  i  oo 
MetcalTs  Steel.     A  Manual  for  Steel-users.  ..                                                12010,  2  oo 

Sabin's  Industrial  and  Artistic  Technology  of  Paints  and  Varnish   8vo,  3  oo 
Smith's  Materials  of  Machines                                                      iamo,  i  oo 

Thurston's  Materials  of  Engineering                                                      3  vols.,  8vo,  800 
Part  II.     Iron  and  Steel                                                                    8vo,  3  5<> 
Part  III.     A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  their 

Constituents..                                                                                          8vo,  350 
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Wood',  <  De  V.)  Treatiaa  on  the  teaiataiKe  of  Maieriak  aad  .n  Aipiaiii  on 
tba  Praaerratioo  «4  TimWf.  .  s*».    » 

Wood's  (M.  P.)  Rmrtaas  Coatings:    C«cro*io«  and  Elactrwlyaia  of  Iron  aad 

^.    4 

STEAM-ENGINES  AND  BOILERS. 

P^MVPpy  DMglBm.  I  Ji 
on  tha  Motive  Powar  of  Boat.     <  Tbunton. ).  . 

•*'s  Slcanveflf  ioa  and  olb«r  lint  motor. 
Dawaoo's  "Baftnearinc"  and  Uectrk  Traction  PoclMt-took  .     i6cw>. 
Fort*.  Botbr  lUkiaf  for  Bolkr  lUkm. 

UcomotiT*  Spvta. . . 

of 

Practice  and  Theory  of  the  Injector.  . . 

Val.r   ̂ rars  !  •: 

Paabody's  Manual  of  the 
Table*  of  the  Properties  of  Saturated  Steam  and  Other  Vapors 

i  of  tat  EUam  sngina  aad  Other 

Pray's  Twanty  Year*  with  tba  Indicator. . .  .  Large  8*0. 
Pupin's  Thermodynamics  of  Reversible  Cycle*  in  Gaaas  and  Saturated  Vapors. 
(Ostarbarg.  tamo. 

Reagan'*  Locomotive*:   Simple,  Compound,  and  Electric.     Haw  Edition. Large  tamo. 

Sinclair's  Locomotive  Engine  Running  and  Management  ,  amo. 
Smart'*  Handbook  of  Engineering  Laboratory  1  tamo. 
Snow's  Steam-boiler  Pru  8vo. 

Soanglar's  Valve-gears.  8vo. 
on  Thermodynamics                                                                    tamo. 

r.  Greene,  and  Marshall's  Pamanta  of  fttaaai  engineering   8vo. 

<0 ntoa's  Bandy  Table.. 
Manual  of  the  Steam-engine    •!*..  8vo.  i 
Part  1.     History.  Structure,  and  Theory.  sro. 
Part  II.     Daaign.  Construction,  aad  Operation.  .  Sro. 
Handbook  of  Engine  aad  Boiler  Trials,  and  tha  Ust  of  the  Indicator  and 

thaProny 

ataam-boiler  Ezptoaiona  in  Theory  aad  in  Practka  ..  umo. 
Manual  of  Staam-boUara.  their  Deaifna.  Conatruction.  and  Operation  «vo. 

;  of  Boiler  Faad-watar  (Pattaraon)  8vo. 
Boat.  Steam,  and  Steam-engine*.     (Du  Bob. )  .  «ro. 

WhUaam's  Staam-anglne  Design.  .8n>. 
Wood's  Thermodynamic*.  Beat  Motors,  aad  Refrigerating  Machinea  .  .8vo. 

MECHANICS  AND  MACHINERY. 

Barr's  Kinematics  of  Machinery. . .  .  .8»o.    a  90 
•  Borey's  Strength  of  Matariab  and  Theory  of  8*iucUuea  .  8ro.    7  90 
Chase's  Tha  Art  of  Pattern-making.  tamo.    »  90 
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Church's  Mechanic*  of  Engineerinc                                                                  8vo.  6  oo 
Hot*  and  Example*  In  Mechanics.  . .                                                       8vo,  a  oo 

Compton's  Pint  Lessons  in  Meul- working  .  .                                            tamo,  i  50 
Compton  and  D*  G  rood  ft  The  Speed  Lathe                                                 umo,  i  «o 

Cromwell's  Treatise  on  Toothed  Gearing,                                                     ramo,  i  50 
Treatise  on  Belts  and  Pulleys.    .                                                              t  a  mo,  i  50 

Dana's  Text-book  of  Elementary  Mechanics  for  Colleges  and  Schools     umo,  i  50 
Dingey's  Machinery  Pattern  Making                                                              tamo,  a  oo 
Dredge's  Record  of  the   Transportation  Exhibits  Building  of  the   World's 

Columbian  Exposition  of  1803. . .                                4 to  half  morocco,  5  oo 

Du  Bob's  Elementary  Principles  of  Mechanics: 
VoL      I.     Kinematics                                                                        8vo,  3  50 
VoL    II.     Statics.                                                                                            8vo,  4  oo 
Mechanics  of  Engineering.     Vol.    1                                                  Small  4to,  7  50 

VoL  II.  .                                                              >::;...!    ;!,..  1O   OO 

Durley's  Kinematics  of  Machines. .  8vo,  4  oo 
Fiuftrald's  Boston  Machinist.  i6mot  too 
Flather's  Dynamometers,  and  the  Measurement  of  Power. .  larao,  3  oo 

Rope  Driving.  .  umo,  a  oo 

Goss's  Locomotive  Sparks.  . .  .  .  .8vo.  a  oo 
Locomotive  Performance.  .                                                                            8vo,  5  oo 

*  Greene's  Structural  Mechanics.. . .                                              .  .                 8vo,  a  50 
Hall's  Car  Lubrication.  .                                                                                 larao,  i  oo 
Hobart  and  BUis's  High-speed  Dynamo  Electric  Machinery.     (In  Press.) 
Holly's  Art  of  Saw  Filinc                                             i8mo,  75 
James's  Kinematics  of  a  Point  and  the  Rational  Mechanics  of  a  Particle. Small  8vo.  a  oo 

*  Johnson's  (W.  W.)  Theoretical  Mechanics   larao,  3  oo 
Johnson's  (L.  J.)  Statics  by  Graphic  and  Algebraic  Methods   8vo,  a  oo 
Jones's  Machine  Design: 

Part   L     Kinematics  of  Machinery                                           8vo.  i  50 

Part  II.     Form,  Strength,  and'Proportions  of  Parts.  .  .  .                       8vo,  3  oo 
Kerr's  Power  and  Power  Transmission.  .  .                                                     . 8vo,  2  oo 
Lanza's  Applied  Mechanics.  ...                                                                           8vo,  7  50 
Leonard's  Machine  Shop.  Tools,  and  Methods .                                                8vo,  4  oo 
*  Lorenz's  Modern  Refrigerating  Machinery.     'Pope,  Haven,  and  Dean.).8vo,  4  oo 
MacCord's  Kinematics;  or,  Practical  Mechanism                                   8vo,  5  oo 

Velocity  Diagrams. .  .                         8vo,  i  50 

*  Martin's  Text  Book  on  Mechanics,  Vol.  I,  Statics                      12010,  t  as 
Vol.  2,  Kinematics  and  Kinetics  .  .I2mo,  1  50 

Maurer's  Technical  Mechanics                                            8vo,  4  oo 
Merriman's  Mechanics  of  Materials                                     8vo,  5  oo 
*  Elements  of  Mechanics                                 lamo,  i  oo 

*  Micbie's  Elements  of  Analytical  Mechanics.  .  .                                            .8vo,  4  oo 
*  Parshall  and  Hobart's  Electric  Machine  Design. .                     4to,  half  morocco,  ia  50 
Reagan's  Locomotives:  Simple,  Compound,  and  Electric.     New  Edition. Large  lamo,  3  5o 

Reid's  Course  in  Mechanical  Drawing                            8vo,  a  oo 
Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design. 8vo,  3  oo 

Richards's  Compressed  Air                                               lamo,  i  50 
Robinson's  Principles  of  Mechanism                                                        8vo,  3  oo 
Ryan,  Morris,  and  Hoxie's  Electrical  Machinery.     Vol.  I.                             8vo,  a  50 
Sanborn's  Mechanics:  Problems                                             Large  tamo,  i  50 
Schwamb  and  Merrill's  Elements  of  Mechanism.                                           8vo,  3  oo 
Sinclair's  Locomotive-engine  Running  and  Management. ..                      lamo,  a  oo 
Smith's  (O.)  Press-working  of  Metals                       8vo,  3  oo 
Smith's  (A.  W.)  Materials  of  Machines. ...                                                 i  amo,  i  oo 
Smith  (A.  W.)  and  Marx's  Machine  Design.  ..                                               8vo,  300 
Sorer s    Carbureting  and   Combustion  of   Alcohol  Engines.     (Woodward  and 

I.)   •                                            Large  8vo,  3  oo 
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Treatise  oo  Fruoon  aod  Loot  Work  10    Mocfctaory  aod    Mil 
.tvo.    i  oo 

farreo's  BtMsMNi  of  Machioe  Coottnsrtios)  aod  Dravin 
>'»  ICiossoatica  sod  Powof  «j  Tan  •••!•!  ••    'Herrossoo- Klein.) 

of  Traosatfestoo  sod  Goveroors.     (Bet ISM oo— Klei» 

Wood's  ffcoMMs  of  Analytical  Mecoaoks.  too. 

The  World's  Columbia*  Eaaositioo  of  itgj 

MEDICAL 

De  Fursac's  Manual  of  Psychiatry      ( Roeanofl  aod  Cottoa. >.        Large  umo. 
BhrUh's  CoOsctedStudies  oo  tmmuoity.     (Bolder  too. 

Test-book  on  Pbys4otof*cal  Chemistry.       Mandel        . '.     too. Practical  Unoary  Analysis.    (Loreni.  unto. 

•  Psub's  Physical  OlisisHi  j  to  the  Senrice  of  Modicioe.     •  Fischer  •         umo. 
•r>>«»i-Bseo«*t  The  Toimt  and  VenooM  aod  their  Aotihodies.     <Coho.>.  umo. 

Salkowski's  Physiolocical  and  Patholofical  Cheoustry.  Orndorfl  . .  .       8»o. 
•  SatterkVt  Outhoes  of  Human  Embryolocy  .  i  aoto. 

Steel's  Treatise  oo  the  Diseases  of  the  Doc  §ro. 

Von  Behrioc'«  Suppression  of  Tuberculosis.     (BoUuan  »*mo. 
Woodhulfs  Kotaa  oo  Military  Hygieoe  . . 

•  Personal  HTI  i 

Wulliac*t  An  Elementary  Course  in  Inorganic  Pharmaceutical  aod umo.    a 

METALLURGY. 

* 

-•• 

I's  Uod  Reflainc  by  Electrolysis,    do  Prcs».) 
Metallurcy  of  Silver.  Gold,  and  Mercury: 

Vol.    I.     Silver  §vo.    7  SO 
VoL  II.     Coy  and  Mercury  8vo.    7  SO 

OoeotTs  Mineral*  and  Metals:     A  Reference  Book  16010.  o»or 

•  Iles's  Lead-smelt ir.g  i  jmo 

Keep's  Cost  Iron.  8vo. 
Kunhardfs  Practice  of  Ore  Drrssinc  in  Europe    8vo. 

UChatelier'tHiKh  trmprrauirr  Mrasurements.  (Boudouard- Burgess. )umo. 
MetcaVs  Steel     A  Manual  for  Steel-oserv  umo. 

M.Uer's  Cyanide  Process...  umo. 
Mineft  Production  of  Akimirum  and  its  Industrial  Use,  (Waldo.). .      umo.        50 

Robme  aod  Lentlen'.  Cyanide  Industry.     (Le  Clare.  STO. 

Smith's  Material  of  Machines.  i  IBM. 
Thurston'.  Materials  of  Eoflneerinc  In  Three  Parts.  . .  8ro. 

Part  II.  Iron  aod  Steel . .  8ro 

Part  HI.  A  Treatise  oo  Brasses.  Brontes,  and  Other  Alloys  and  their' Constituents. .  too.  a  so 
UoVs  Modern  Electrolytic  Copper  Reflninc     .  -     .    j  oo 

MIHERALCX 

Barrincer's  Description  of  Minerals  of  Cnmnsorrlal  VaJue,   tTfclDBJ,  01111111111.    a  §o 
Boyd's  Raaourcea  of  Southwest  Vlnioia.  ieo,    3  oo 
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Boyd's  MAR  of  Southwest  Vlrigma.  Pocket-book  form. 
•  Browning's  Introduction  to  the  Rarer  Elements  .....  Hvo, 
Brush's  Manual  ol  Determinative  Mineralogy.     (Penfield.)  ........  8vo, 
Charter's  Catalogue  of  Minerals.  .  .  8vo.  paper, 

CMk, 

Dictionary  of  the  Names  of  Minerals.  ......  8vo, 

Dana's  System  of  Mineralogy.  Lar,.  8VO,  half  leather,  i 
First  Appendix  to  Dana's  Hew  "System  of  Mineralogy."  .....  Urge  8vo, 
Text-book  of  Mineralogy  ......  .  .  .8vo, 
Minerals  and  How  to  Study  Them  ...  12010, 
Catalogue  of  American  Localities  of  Minerals.  ...  Large  8vo, 
Manual  ol  Mineralogy  and  Petrography 

00 

35 

50 

Douglas's  Untechnical  Addfeeiae  on  Technical  Subjects.  . 
Eakle's  Mineral  Tables.  .  .  .  ,8vo, 
Egleston'ii  Catalogue  of  Minerals  and  Synonyms                                              8vo,  50 
Goesei's  Minerals  and  Metals:     A  Reference  Book                            ibmo,  mor. 

Groth's  Introduction  to  Chemical  Crystallography  (Marshall                     i2mo,  25 
iddings's  Rock  Minerals                                                                                      8vo,  5  oo 
Johannaen's  Key  for  the  Determination  of  Rock-forming  Minerals   in   Thin 

Sections.    (In  Press.) 

•  Martin's  Laboratory  Guide  to  Qualitative  Analysis  with  the  Blowpipe,  tamo,       60 
Merrill's  Non-metallic  Minerals.  Their  Occurrence  and  Uses   8vo,  4  oo 

Stones  for  Building  and  Decoration  ..  8vo,    500 

•  Penfield's  Notes  on  Determinative  Mineralogy  and  Record  of  Mineral  Tests. 8vo,  paper,  50 

Tables  of  Minerals     8vo,  i  oo 

•  Richards's  Synopsis  ot  Mineral  Characters..      iamo.  morocco,  i   35 
•  Ries's  Clays .  Their  Occurrence.  Properties,  and  Uses..  ..                          8vo,  500 
Rosenbusch's   Microscopical   Physiography   of   the   Rock-making  Minerals. 

Biddings.)                           8vo,  500 

'  Tillman's  Text-book  of  Important  Minerals  and  Rocks.   8vo,  a  oo 

MINING. 

Beard's  Mine  Gases  and  Explosions.     (In  Press.) 
Boyd's  Resources  of  Southwest  Virginia   8vo,  3  oo 

Map  of  Southwest  Virginia   Pocket-book  form,  a  oo 

Douglas's  Untechnical  Addresses  on  Technical  Subjects      iamo,  X  oo 
Eissler's  Modern  High  Explosives   8ro.  4  oo 
Goesei's  Minerals  and  Metals:     A  Reference  Book   16010,  mor.  3  oo 
Goodyear's  Coal-mines  of  the  Western  Coa.t  of  the  United  States   iamo,  a  50 
Ihlseng's  Manual  of  Mining.   8vo,  5  oo 
•  Det's  Lead-smelting. .    12010,  a  50 
Kunhardt's  Practice  of  Ore  Dressing  in  Europe.                                             8vo,  i  50 
Miller's  Cyanide  Process                                             1 2010,  i  oo 
O'Driscoll's  Notes  on  the  Treatment  of  Gold  Ores,                           8vo,  a  oo 
Robine  and  Lenglen's  Cyanide  Industry.     (Le  Clerr. )                         8vo,  4  oo 
Weaver's  Military  Explosives.                                   8vo,  3  oo 
Wilson's  Cyanide  Processes.                   1 2  mo .  i  50 

Chlorination  Process      i  imo.  i  so 

Hydraulic  and  Placer  Mining,     ad  edition,  rewritten   12 mo,  a  50 
Treatise  on  Practical  and  Theoretical  Mine  Ventilation   12010,  i  as 

SANITARY  SCIENCE. 

Bash  ore's  Sanitation  of  a  Country  House   iamo,  i  oo 
•  Outlines  of  Practical  Sanitation.                                                             12010,  i  25 
FotwelTs  Sewerage.     (Designing,  Construction,  and  Maintenance.)   8vo,  3  oo 

Water-supply  Engineering   8vo,  4  oo 18 



Fowlw'.  S*wat«  Works  AmlyoM 
Foertes's  Waur  and  Pubkc  H«*kb  . 

W.lcr-fthi.Uon  Wo,k>    . 

Ger haid'.  Guid.  to  -i.«.»u»y  lluu~-iiupctti ,:,  ,6mo. 

Haiea's  Fiftratioo  of  Public  W.ut -«u«,i , 
LeocTs  TIM  Inaction  and  Analysis  of  Food  viib  fpacial 

.  (CoMldarad principally froai a  ianHary ttaodoolan 
of  Water.    (CfcialMl  and  BiiliHilnltii 

ol  SMiury  RMMMftac 

••'-.•- 
Oftco  to taoJtary  Water  Analysis. ...  .  iamo. 

it's  COM  of  Food.     A  S«u4y  lo  DWurU*  u 
COM  of  Uvtoc  M  Mo4iAW  ky  Saniury  Scteix*  n 

1 1 

Air    Water,  aad  food  from  .  Santu  y 

•  Richards  and  Williams'.  Tke  Dietary  Coo*u<- 
RideaTs  8  wat«  snd  Bacterial  Purification  of  Sewage. 

on  ami  the  Preaervatioo  of  Food. 

Von  B«hrint'«  SoaorMaloo  of  Tubvrcttlosis.  ( Boldu-                              i  IBM. 
Whlppk'i  MkroKopr  of  Drinkint  u  .  .ft*.. 
WUao«'«  Air  OoBditkmiat .    (lo  Pro-  > 
Wlaton't  Mkroaeopr  of  VtftUbU  Foo4«.  .  S/o. 
WoodhulTs  Roto!  00  MlUury  Hrtlenc    iCmo. 

•      Poreooal  Hfiiaoa. . .  i  *mo. 

MISCELLANEOUS. 

national  Food  and  Dairy 
i 

Hcli  at  BArtJord.  Jaly    i:-jo.  1906   ...to.     J  ea 
at  Jsjnestowa   Tri-Orr  taoaial 

16-19.  1907.     (In  Pram) 

Oaolofical  Guide-book  of  the  Rocky  Mountain  Excursion  of  tha 
International  Centres,  of  Geologists. . .  Urge    TO.    i  so 

Ferrers  Popular  Treatise  on  tha  Winds. . .  8*0.    4  oo 
Gannetfs  StatUtical  Abstract  of  the  World  a4mo.       7S 

Gerhard's  Tto  Modem  Bath  and  Balk-house*.     (In  Pross  ) 
Baines's  American  Raihray  Management.  tamo,    a  so 
Kukritv.  History  of  Reneseker  Porjrtechnk  InstituU.  1824-1 8^. Small  8*0.    j  oo 

»'.  Emphasized  Hew  Testament .  Urge  «TO.    a  Oo 
ft  Doooratlre  Treatment  of  Wood.  Glass.  Metal,  etc.     (In  Proas.) 

The  World's  Columbian  I  ipo.it ion  of  i«oj  4to.    t  oo 
Winatow's  Bkments  of  Applied  Micro»cop>  tamo,    i  90 

HEBREW  AND  CHALDEE  TEXT-BOOKS. 
t;rrrn\  K  Ic 

aod  CkoJlM   Ud        t,,  •   r  DM    i 













I 

PLEASE  DO  NOT  REMOVE 

CARDS  OR  SUPS  FROM  THIS  POCKET 

UNIVERSITY  OF  TORONTO  LIBRARY 

S&M 

A 

300 



an 

H^
 


